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ABSTRACT

The NOAA National Status and Trends (NS&T) Program determines the current status
and any changes over time of the environmental health of the estuarine and coastal
waters of the United States. Concentrations of organic and inorganic contaminants are
determined in mollusks, bottom-dwelling fish and sediments collected along the coast of
the United States. The quality of the analytical data generated by the NS&T Program is
overseen by its QA Project component, which is designed to document sampling
protocols, analytical procedures, and laboratory performance, and to reduce
intralaboratory and interlaboratory variation. NS&T does not specify analytical
methodology. Laboratories can use any analytical procedure as long as the results of
the intercomparison exercises are within certain specified limits. All NS&T
laboratories are required to participate in yearly intercomparison exercises. The
results of the trace organic and trace metals 1991 through 1993 intercomparison
exercises are described and discussed.

1. INTRODUCTION

The National Oceanic and Atmospheric Administration's (NOAA) National Status and Trends
(NS&T) Program determines the current status of, and any changes over time in the
environmental health of the estuarine and coastal waters of the United States, including Alaska
and Hawaii. The NS&T Program consists of seven major components, two of which generate
monitoring data: the National Benthic Surveillance Project, and the Mussel Watch Project.

Concentrations of organic and inorganic contaminants in sediments and bottom-dwelling fish
taken in the same area are determined as part of the National Benthic Surveillance Project at
sites located around the nation. The analytes include 24 polycyclic aromatic hydrocarbons, 18
polychlorinated biphenyl congeners, DDT and its metabolites, 9 other chlorinated pesticides,
organotins, 4 major elements and 12 trace elements (Table 1). Toxaphene, DNA adducts, and
aryl hydrocarbon hydroxylase are measured at certain sites. The frequency of external disease
conditions and internal lesions (liver tumors) in the bottomfish are also being documented.
Currently, there are about 80 National Benthic Surveillance sites in estuaries and coastal
waters, including both urban and rural areas. Samples are generally collected biennially at
these sites. Sample collection and analyses for the National Benthic Surveillance Project are
currently done by the NOAA National Marine Fisheries Service (NMFS) Northwest Fisheries
Science Center (NWFSC), Seattle, WA, and the NMFS/Southeast Fisheries Science Center
(SEFSC), Beaufort, NC.



Table 1. Chemicals determined as part of the NOAA National Status and Trends Program.

Polycyclic aromatic hydrocarbons Chlorinated pesticides other than DDT
Biphenyl Aldrin Dieldrin
Naphthalene cis-Chlordane trans-Nonachlor
1-Methylnaphthalene Heptachlor gamma-HCH
2-Methylnaphthalene Heptachlor epoxide Mirex
2,6-Dimethylnaphthalene Hexachlorobenzene

Acenaphthene

Acenaphthylene Polychiorinated biphenyl congeners (nomen-
1,6,7-Trimethylnaphthalene clature of Ballschmiter and Zell, 1980)
Fluorene

Phenanthrene PCB 8 PCB 18 PCB 28
1-Methylphenanthrene PCB 44 PCB 52 PCB 66
Anthracene PCB 101 PCB 105 PCB 118
Fluoranthene PCB 128 PCB 138 PCB 153
Pyrene PCB 170 PCB 180 PCB 187
Benz[a]anthracene PCB 195 PCB 206 PCB 209
Chrysene

Benzo[a]pyrene Elements

Benzo[e]pyrene

Perylene Al Si Mn Fe
Dibenz[a,h)anthracene Cr Ni Cu Zn
Benzo[b]fluoranthene As Se Ag Cd
Benzo[k]fluoranthene Sn Sb Pb Hg
Indeno[1,2,3-cd]pyrene

Benzo[ghilperylene Tributyltin species

Tributyltin [bis(tri-n-butyltin)oxide]
DDT and metabolites Dibutyltin (degradation product)
Monobutyltin (degradation product)

2,4'-DDD 4,4'-DDD
2,4'-DDE 4,4'-DDE
2,4'-DDT 4,4'-DDT




The same contaminants are determined in sediments and mussels or oysters as part of the
Mussel Watch Project. The bivalves are collected on a yearly basis from approximately 240
sites in the United States, while sediments are collected at the same sites on a less-than-
yearly basis. Sample collection and analysis for the Mussel Watch Projects are currently done
by the Texas A&M University (TAMU) Geochemical and Environmental Research Group (GERG),
College Station, TX, and the Battelle Ocean Sciences (BATTELLE) laboratories at Duxbury, MA,
and Sequim, WA.

2. OBJECTIVES OF THE QA PROJECT

The quality of the analytical data generated by the NS&T Program is overseen by the QA
Project component, which has been in operation since 1985 and is designed to document
sampling protocols and analytical procedures, and to reduce intralaboratory and
interlaboratory variation. Details of the NS&T QA Program can be found in Cantillo and
Lauenstein (1993). NS&T does not specify analytical methodology. Laboratories can use any
analytical procedure as long as the results of the intercomparison exercises are within certain
specified limits of the consensus values. This allows the use of new or improved analytical
methodology or instrumentation without compromising the quality of the data sets. The analysis
of reference materials, such as the National Research Council (NRC) of Canada Certified
Reference Materials (CRMs) and National Institute of Standards and Technolegy (NIST) Standard
Reference Materials (SRMs), and of control materials generated for use by NS&T labs as part
of the sample stream, is required. To document laboratory expertise, the QA Project requires
all NS&T cooperating laboratories to participate in a continuing series of intercomparison
exercises utilizing a variety of materials. The organic analytical intercomparison exercises are
coordinated by NIST, and the inorganic exercises by NRC Canada. Sampling and analytical
protocols used in the NS&T Program since its inception are documented in Lauenstein and
Cantillo (1993).

3. INTERCOMPARISON EXERCISES

All the NS&T laboratories are required to participate in the yearly intercomparison exercises
which began in 1986. The results of the exercises previous to 1991 are described in Cantilio
and Parris (1993) and Valette-Silver (1992). The exercise materials used in the 1991, 1992
and 1993 exercises are listed in Table 2. The exercise materials are usually sent early in the
spring or summer, with complete handling instructions and data reporting format. The type and
matrix of the samples change yearly.

The results of the intercomparison exercises are not intended to be a reflection of the absolute
capability of a laboratory. Given time and budgetary constraints, the methodology used may not
be the one resulting in the lowest detection limits or best precision, rather, it is the one that
can be used to generate data of the quality specified by the NS&T Program.

In response to the needs of the NS&T Program, NOAA has partially funded the production of
eight NIST SRMs and seven internal standard solutions (Table 3). The SRMs are two natural
matrix materials and calibration solutions at two concentration levels of the three chemical
classes of analytes. The latter are used to facilitate the preparation of multipoint calibration
curves. The internal standard solutions were prepared at the request of the NS&T contract
laboratories and are provided free of charge. These SRMs and control materials have been and
continue to be used by NS&T contract laboratories.



Table 2. Materials used for the NS&T intercomparison exercises for 1991 through 1993.

Year Materials

Trace Metal EXOICISOS......cuounieiiii ittt e e e e e e e ane

1991 Sediment N Freeze dried sediment from Baie des Chaleurs
Mussel P Tissue homogenate from the Pacific Northwest
BCSS-1 Estuarine Sediment CRM
SRM 1566a Oyster Tissue CRM

1992 Fish Q Spray-dried Nova Scotia flounder fillet
Sediment R Freeze dried sediment from Chesapeake Bay
DORM-1 Dogfish (Squalus acanthias) Muscle CRM
BCSS-1 Estuarine Sediment CRM

1993 Sediment T Freeze dried sediment from Mississippi Delta
Tissue S Freeze-dried Mytilus edulis tissue from French coast
BCSS-1 Estuarine Sediment CRM

SRM 1566a Oyster Tissue CRM

Trace Organic EXOICISES . ... .o ittt et e et e et e

1991 Tissue Control material Il QA90TC Frozen bivalve tissue homogenate
Bivalve extract Il QA91BE2 Extract of frozen bivalve tissue
homogenate*
1992 Marine sediment llI QA92SED3 Wetted marine sediment prepared using
candidate SRM 1941a
Mussel tissue IV QA92TIS4 Frozen Mussel Homogenate from

Dorchester Bay

1993 Mussel Tissue V QA93TIS5 Frozen Mpytilus edulis homogenate from
Boston Harbor (candidate SRM 1974a)
Fish Homogenate | QA93FSH1 Carp homogenate from Saginaw Bay

(candidate NRC CRM)

* Gravimetrically spiked with one analyte from each of the three chemical classes. The material was not
spiked or enriched with the other 48 organic target analytes.



Table 3. NIST SRMs and internal standards funded by the NS&T Program.

SRM 1491  Aromatic Hydrocarbons in Hexane/Toluene

SRM 1492  Chlorinated Pesticides in Hexane

SRM 1493  Chlorinated Biphenyl Congeners in 2,2,4-Trimethylpentane
SRM 1941  Organics in Marine Sediment

SRM 1974  Organics in Mussel Tissue (Mytilus edulis)

SRM 2260 Aromatic Hydrocarbons in Toluene

SRM 2261  Chlorinated Pesticides in Hexane

SRM 2262  Chlorinated Biphenyl Congeners in 2,2,4-Trimethylpentane

AH Naphthalene-dg, acenaphthene-d,,, benzo[alpyrene-d,,, perylene-d,,
PES 1,2,3-Trichlorobenzene, 4,4'-dibromooctafluorobiphenyl
TCMX 2,4,5,6-Tetrachloro-m-xylene

* SRMs 1491 and 2260; and SRM 1492 and 2261 have the same suite of analytes at different concentrations. SRM 1493
contains twenty PCB congeners, and SRM 2262 contains the same twenty congeners at different concentrations plus eight
additional congeners.

4. TRACE METAL INTERCOMPARISON EXERCISE RESULTS
4.1. 1991 Exercise

The fifth NS&T trace metal intercomparison exercise, NOAA/5, took place in 1991 and was
coordinated by NRC. The NS&T cooperating laboratories were SEFSC, BATTELLE, and TAMU.
Materials were sent to the other 37 laboratories that participated on a voluntary basis. Results
were received from the NS&T cooperating laboratories and 26 non-NS&T laboratories. The
materials used were Sediment N, BCSS-1, Mussel P and SRM 1566a. The results of the
analyses are listed in Appendix |. A detailed description of the exercise and the results of the
other participating laboratories can be found in Willie and Berman (1991).

4.1.1. Description of materials and exercise

Sediment N is a siliceous material collected in Nova Scotia Harbor, Canada, and is moderately
contaminated. Mussel P is a moderately contaminated tissue homogenate of Mytilus edulis
specimens collected off the northwest coast of the US by Battelle Pacific Northwest. Sediment
for BCSS-1 was collected in the Baie des Chaleurs, Gulf of St. Lawrence. The sediment was
freeze-dried, screened to pass through a 125-um screen, blended, bottled, and radiation-
sterilized. BCSS-1 may contain sea salt. The certified values are listed in Table 4, and a more
complete description of the preparation, analysis and composition of BCSS-1 can be found in
NRC (1990). SRM 1566a was prepared using oysters obtained from a commercial source. The
oysters were shucked, frozen, and packaged in sealed plastic bags. The oyster material was
ground, freeze-dried, and powdered. At NIST, the material was jet-milled to pass a 355 um
screen, radiation sterilized and bottled. Certified and noncertified values are listed in Table 5,
and a more detailed description of the preparation and analysis of SRM 1566a can be found in
NIST (1989).

Each laboratory received 10-g samples of each "unknown® sample, and were asked to perform
five replicate analysis of each of the two unknowns, BCSS-1 and SRM 15664, for Al, Cr, Fe,
Cu, Zn, As, Se, Cd, Sn, Hg, and Pb. Analyses of Si, Mn, Sb and Tl were optional. The analysis of



Ag was also requested for biological tissues. All results, including outliers, are shown
graphically in Figures 1 - 13, and are listed in Appendix I. NRC provided benchmarks for
accuracy by analyzing Sediment N and Mussel P by two different methods. Whenever possible,
one of these methods was isotope dilution inductively coupled plasma mass spectrometry,
which can produce very accurate results.

4.1.2. "Accepted” values

One purpose of the exercise was to arrive at an "accepted®" value for each analyte
concentration in the unknown materials. The overall mean concentration for each metal was
calculated from the mean of laboratory replicates and the NRC data by Willie and Berman
(1991). These means were assumed to be normally distributed which may not be a valid
assumption at low concentrations. Obvious outliers were eliminated prior to statistical
evaluation. A successively applied Student t test at the 95% confidence limit was used to
identify other outliers. The "accepted” values and uncertainties as well as the certified values
and uncertainties for BCSS-1 and SRM 1566a are listed in Tables |.1 - 1.4 in Appendix |.

4.1.3. Results
4.1.3.1. Al, Si, Fe, and Mn

The results of the Al, Fe and Mn analyses are shown in Figures 1, 2 and 3 respectively. The
results of the five replicate analyses are shown in the figures including any outliers. Only three
laboratories and NRC reported Si results. No NS&T laboratory reported Si values for this
exercise. The means of the five replicate analysis of Al for Sediment N and BCSS-1 reported by
the NS&T cooperating laboratories were within the 95% confidence interval of each material.
The precision was better for Sediment N although the Al levels of the two materials were
similar. Aluminum analysis of tissues was not required. The Fe results of the Sediment N and

Table 4. Major and trace element certified concentrations and uncertainties available for BCSS-
1, Estuarine Sediment (Uncertainties represent 95% tolerance limits.) (ug/g dry weight unless
noted).

Element Value Uncertainty Element Value Uncertainty Element Value Uncertainty

(£) (1) (£)

Be 1.3 0.3 K,O (%) 2.17 0.04 Cu 18.5 2.7
C (%) 2.19 0.09 CaO (%) 0.76 0.074 Zn 119 12
Na,O (%) 2.72 0.21 TiO, (%) 0.734 0.024 As 11.1 1.4
MgO (%) 2.44  0.23 v 93.4 4.9 Se 0.43  0.06
Al,O5 (%)11.83 0.41 Cr 123 14 Cd 0.25 0.04
SiO, (%) 66.1 1 Mn 229 15 Sn 1.85 0.2
P,O5 (%) 0.154 0.016 Fe,03 (%) 4.7 0.14 ‘sag 23'39 2-25
S (%) 0.36 0.05 Co 11.4 2.1 : :
Cl (%) 1.12  0.05 Ni 55.3 3.6




Table 5. Major and trace element certified and noncertified concentrations and uncertainties
available for SRM 1566a, Oyster Tissue (pg/g dry weight unless noted).

Certified concentrations

Element Value Uncertainty Element Value Uncertainty Element Value Uncertainty

() * () (%)
Na (%) 0.417 0.013 Cr 1.43  0.46 Sr 11.1 1.0
Mg (%) 0.118 0.017 Mn 12.3 1.5 Ag 1.68  0.15
Al 202.5 12.5 Fe 539 15 Cd 4.15  0.38
P(%) 0.623 0.018 Co 0.57  0.11 [ 4.46  0.42
S (%) 0.862 0.019 Ni 2.25  0.44 Hg 0.0642 0.0067
Cl (%) 0.829 0.014 Cu 66.3 4.3 Pb 0.371 0.014
K (%) 0.790 0.047 Zn 830 57 U 0.132 0.012
Ca (%) 0.196 0.019 As 14.0 1.2
Y 468  0.15 Se 2.21 0.24

Noncertified concentrations

Element Value Element Value Element Value
N (%) 6.81 Cs 0.02 Hf 0.04
F 240 La 0.3 Ta 0.003
Sc 0.06 Ce 0.4 Au 0.01
Ro 3 Sm 0.06 Th 0.04
Sn 3 Eu 0.01

Sb 0.01 Tb 0.007

* Uncertainties represent 95% confidence limits.

Mussel P analyses by all three NS&T laboratories were within the confidence intervals of the
accepted value. Although the concentrations of Fe in the sediment materials and tissue
materials were similar, BCSS-1 and SRM 1566a have much smaller confidence intervals.
BATTELLE and SEFSC results were within the confidence interval for BCSS-1, while TAMU
reported slightly higher results. All three laboratories reported good results for SRM 1566a.
The precision of the Fe analyses was good for all three NS&T cooperating laboratories. The
results of the analyses of Mn in the sediment materials were within the confidence intervals
and the precision was good. The determination of Mn in tissues was not required.

4.1.3.2. Cr, Cu, and Zn

The results of the Cr, Cu, and Zn analyses are shown in Figures 4, 5 and 6 respectively. No Cr
results were reported by SEFSC for sediment or tissue materials. The means of the Cr analyses
by BATTELLE and TAMU were within the confidence interval of all four materials. Willie and
Berman (1991) found that, in general, intralaboratory precision for Cr was worse than for
most analytes. The results of the Cu analyses by the three NS&T cooperating laboratories were
good for both the sediment and tissue materials, although the Mussel P mean for SEFSC was
slightly high. Similar results were obtained for Zn.
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Figure 3. 1991 NOAA/5 Mn intercomparison exercise results of five replicates for Sediment N and BCSS-1
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4.1.3.3. As, Cd, Ag, Hg, and Pb

The results of the As, Cd, Ag, Hg, and Pb analyses are shown in Figures 7, 8, 9, 10 and 1t
respectively. The means of the As results reported by the three NS&T cooperating laboratories
were within the confidence intervals of the four exercise materials. SEFSC and TAMU reported
Cd means within the confidence interval of the two sediment materials, while the BATTELLE
mean for BCSS-1 was high. The certified BCSS-1 Cd concentration, 0.25 + 0.04 pg/g, is one
order of magnitude lower than that of the "accepted® value for Cd for Sediment N, 2.03 + 0.58
ng/g. The detection limit reported by BATTELLE for sediments is 0.12 pg/g, approximately
half of the certified value of BCSS-1 (Tables 4 and 6). The Cd results of the analyses of the
tissue materials by all three laboratories were good and within the confidence intervals. The
determination of Ag in sediments was not required. The results of the Ag analyses of the tissue
exercise materials by the three NS&T cooperating laboratories were within the confidence
intervals. The results of the Hg analyses of the sediment and tissue materials were also within
the confidence intervals.” The results of the Pb analyses of the four exercise materials were
within the confidence intervals, except for those of SEFSC for SRM 1566a, which were slightly
high, and those of BATTELLE for the same material, which were slightly low.
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Figure 7. 1991 NOAA/S As intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.)(ug/g dry wt.).

* BCSS-1 is no longer certified for Hg.
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Figure 8. 1991 NOAA/5 Cd intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.)(ng/g dry wt.).
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Figure 9. 1991 NOAA/5 Ag intercomparison exercise results of five replicates for Mussel P and SRM 1566a
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Mussel P, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is + uncertainty. NA - Not analyzed.) (ug/g dry wt.).
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Figure 11. 1991 NOAA/5 Pb intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +35% confidence limit.) (ug/g dry wt.).
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Table 6. 1991 Limits of detection for NS&T major and trace element analyses of sediments and
tissues (nug/g unless noted).

Sediments Tissues
BATTELLE®  SEFSCA TAMU® BATTELLE? SEFSCAA TAMU®
(Mussels and (Fish livers) (Oysters)
oysters)
Al 1.3% 0.09 444 47 ND ND
Si 2.2% 0.8 ND 500 ND ND
Cr 16 2 0.11 0.37 0.05 0.12
Mn 220 ND ND 0.28 1 ND
Fe 0.04% 0.05% 40.5 33 5 12.8
Ni 8.5 2 0.72 0.96 0.1 0.17
Cu 6.4 0.8 0.44 3.7 1 0.25
Zn 15 5 2.2 37 2 1.9
As 4.3 0.8 0.29 1.7 0.3 0.17
Se 1.3 0.05 0.17 0.77 0.4 0.49
Ag 0.05 0.02 0.026 0.09 0.02 0.035
Cd 0.12 0.02 0.008 0.21 0.01 0.008
Sn 0.37 0.3 0.11 0.55 0.2 0.19
Sb 0.3 0.8 ND 0.01 0.2 ND
Hg 0.035 0.06 0.0075 0.005 0.05 0.034
Pb 2.2 0.5 0.35 0.04 0.1 0.12

0 Battelle (1992). & Evans and Hanson (1993a). * GERG (1992). 43 Evans and Hanson (1993b). ND - Not determined.

4.1.3.4. Se, Sn, and Sb

The results of the Se analyses are shown in Figure 12. The calculated confidence interval for
Sediment N was large, +45%. All three NS&T cooperating laboratories reported mean values
within the confidence interval for this material. The certified value and confidence interval for
Se for BCSS-1 are 0.43 + 0.06 pg/g dry wt. The certified value was below the MDL for
BATTELLE, < 0.8 ug/g. Some of the Se values for BCSS-1 reported by SEFSC were slightly
above the upper limit of the confidence interval. The values reported by TAMU were within the
confidence interval. The Se analyses of the two tissue materials were within the confidence
intervals except for some of the replicates reported by BATTELLE for SRM 1566a.

The results of the Sn analyses are shown in Figure 13. The three NS&T cooperating
laboratories reported mean values within the confidence interval of Sediment N, Mussel P and
SRM 1566a, except for SEFSC, which reported values below the confidence intervals for SRM
1666a and values below the MDL for the Mussel P material. The Sb concentration found in
BCSS-1 were much lower than those of Sediment N. Two of the NS&T laboratories reported
values above the confidence interval, and the other reported values below. The mean values of
each of the three laboratories, however, were not far outside the confidence intervals.
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Figure 12. 1991 NOAA/5 Se intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a. (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is + uncertainty. MDL is the method detection limit.) (ng/g dry
wt.).
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Figure 13. 1991 NOAA/5 Sn intercomparison exercise results of five replicates for Sediment N, BCSS-1,
Mussel P, and SRM 1566a. (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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The analysis of Sb was optional, and BATTELLE was the only NS&T laboratory that reported Sb
results. Only six laboratories reported results for the analysis of Sb in Sediment N, and no
accepted value was calculated. Four laboratories reported results for BCSS-1. The results
reported by BATTELLE were within the confidence interval for the CRM.

4.1.4. Performance evaluation of NS&T laboratories

Willie and Berman (1991) summarized the results of the 1991 NOAA/5 exercise using an
accuracy and precision scale (Table 7). The same information is shown graphically in Figures
14 and 15. Accuracy was judged to be excellent if all the replicates were within the established
confidence interval, or good if the mean of the replicates was within the established confidence
interval but one or more of the replicates was outside the interval. Low or high results, being
lower or higher than the confidence intervals, were also evaluated. The intralaboratory
precision was judged to be good if the percent relative standard deviation (%RSD) of the five
replicates met the following criteria for various analyte concentrations: for concentrations
greater than 10 upg/g, the expected RSD was +10%; for concentrations between 1 and 10
pg/g, the expected RSD was +15%; and for concentrations lower than 1 pg/g, the expected
RSD was +20%. The expected %RSD for Al and Fe in sediments was +5%. Precision was judged
to be poor if the %RSD requirements described above were not met. The accuracy and precision
achieved by three NS&T cooperating laboratories was rated good to superior in the NOAA/5
exercise.

4.1.5. Performance evaluation of "core" and "new" laboratories

There is an apparent correlation between level of performance and previous experience in
intercomparison exercises. Willie and Berman (1991) compared the results of “core"
laboratories that participated in one or more of the four previous NOAA intercomparison
exercises with the results of those of laboratories participating for the first time. The means
and standard deviations of the two laboratory groups are listed in Tables 8 and 9 for sediment
and tissue analyses respectively. Conspicuous outliers were not included in the calculation of
the means. The new participants produced lower means and worse precision for both sets of
analyses than those produced by the core laboratories. The results of the sediment analysis
may be the results of incomplete dissolution of the sample. It is essential to incorporate HF in
the dissolution procedure. The reason for lower means for the tissue analysis was not apparent.
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Table 7. Laboratory performance evaluation for NOAA/S (First letter is the evaluation of the
accuracy and the other of the precision.).

Accuracy:

Precision:

Mussel P SRM

BATTELLE

Al
Si
Cr
Mn
Fe
Cu
Zn
As

SEFSC
Al
Si

Cr
Mn

As
TAMU
Al

Si

Cr
Mn

As

?

o
0}

mmmm '
InNoNoNoR

mmIm'"
[oNoNoNo I

m 1]

mmmm

0]

0]

OOO0n O

x> r om

L} m L} r

mmmo
[oNoNnN0)

mmIm'
oNoNoNoN

m

ogmmm
[oNoNoNo) o

1566a Sed. N BCSS-1

0]

0]

W

Excellent accuracy. All replicates were within the established confidence interval.
Good accuracy. The mean of the replicates was within the established confidence
interval but one or more of the replicates was outside.

Low results. The mean of the replicates was less than the lower confidence
interval.

High results. The mean of the replicates was greater than the higher confidence
interval.

Accuracy could not be established.

Good precision. The intralaboratory precision was within the following criteria for
various analyte concentrations: concentration >10 pg/g, expected RSD +10%
(x5% for Al and Fe in sediments); concentration >1 - <10 pg/g, expected RSD
+15%; and concentration <1 ug/g, expected RSD +20%

The intralaboratory precision was not within the criteria described above.

No results or a "less than" value submitted.

Mussel P SRM 1566a Sed. N BCSS-1

EG GG Se EG GG EG - -
EG GG Ag EG EG - - - -
GG EG Cd EG EG EG HG
EG EG Sn EG EG GG HG
EG EG Sb - - - - - - G G
EG EG Hg EG EG EG - -
HG L G Pb EG LG GG EG
EG EG

EG EG Se EG EG EG HG
- - - - Ag EG EG - - - -
. - - - cd EG EG EG EG
EG GG Sn - - LG GX EG
EG L G Sb - - - - - - - -
EG EG Hg EG GG EG GG
GG EG Pb EG HG GG EG
EG GG

EG EG Se EG EG EG EG
- - - - Ag EG EG - - - -
EG EG cd EG EG EG EG
EG EG Sn EG EG EG HG
EG HG Sb - - - - - - - -
EG EG Hg EG EG EG EG
EG EG Pb EG GG EG GG
EG EG
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. Excellent accuracy.
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E High results. Mean is above range.
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SEFSC
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Precision

. Good precision. RSD varies from 5% to
+40% depending on concentration ranges.

Poor precision.

Figure 14. 1991 major and trace element sediment determination performance evaluation.
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BATTELLE SEFSC TAMU
SRM SRM SRM
Mussel P 1566a Mussel P 1566a Mussel P 1566a

Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec.

Al ON BN
Cr HEE EE
Fe HE BHE NN EN
Cu H EH HE HE
Zn HE BN
As HE HE
Se HE EE
Ag HEE ENR
Cd HE BN
Sn HEE ER
Hg HE BN
Pb | EE BN
Accuracy Precision
I Excellent accuracy. B Good precision. RSD varies from 5% to

+20% depending on concentration ranges.
] Good accuracy. One or more replicates outside range,

«d  mean Is within. Poor precision.
2] Low results. Mean is below range.

High results. Mean Is above range.

D An accepted value could not be calculated.

Figure 15. 1991 major and trace element tissue determination performance evaluation.
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Table 8. Comparison of 1991 sediment analysis results of previous participants and new
participants (ug/g unless noted) (number of means used in the calculation are in parenthesis)
(from Willie and Berman, 1991).

Element Sample

Al (%) Sediment N
BCSS-1

Cr Sediment N
BCSS-1

Mn Sediment N
BCSS-1

Sediment N
BCSS-1

Fe (%)
Cu Sediment N
BCSS-1

Zn Sediment N
BCSS-1

As Sediment N
BCSS-1

Se Sediment N
BCSS-1

Cd Sediment N
BCSS-1

Sn Sediment N
BCSS-1

Hg Sediment N
BCSS-1

Pb Sediment N
BCSS-1

Core*
laboratories

5.37 + 0.56 (9)
6.28 + 0.41 (7)

62.1 + 7.2 (11)
115 + 17 (8)

491 + 43 (11)
228 + 10 (8)

2.95 + 0.21 (10)
3.04 + 0.44 (9)

132 £ 11 (11)
18.8 + 2.3 (9)

336 + 16 (11)
131 + 60 (9)

21.2 t 4.4 (9)
10.4 t 1.5 (7)

1.47 + 0.23 (6)
0.48 + 0.06 (4)

2.31 + 0.44 (10)
0.279 + 0.128 (8)

63 + 14 (9)
1.93 + 0.44 (7)

1.47 + 1.32 (8)
0.163 + 0.044 (7)

193 t 69 (9)
22.9 + 2.1 (9)

New
laboratories

2.72 + 2.19 (12)
3.12 + 2.41 (11)

41.9 + 16.7 (13)
59 + 29 (13)

369 + 139 (9)
201 t 31 (9)

2.67 + 0.37 (12)
2.74 + 0.47 (10)

115 + 28 (15)
16.8 + 5.4 (14)

311 = 35 (12)
105 £ 19 (13)

18.5 + 3.1 (11)
9.02 + 3.57 (10)

1.10 + 0.61 (9)
0.45 + 0.13 (4)

2.16 + 0.67 (14)
0.269 + 0.129 (11)

54 + 15 (4)
1.41 + 0.67 (7)

1.24 + 0.26 (14)
0.179 + 0.057 (13)

196 + 55 (14)
22.8 + 6.4 (14)

Accepted or

certified value

5.27 + 1.30
6.26 + 0.41

63.1 = 15.7
123 + 14

495 + 103
229 t 15

2.97 + 0.40
3.28 + 0.14

129 + 26
1856 + 2.7

325 + 55
119 + 12
111 £ 1.4

1.54 £ 0.70
0.43 + 0.06

2.03 + 0.58
0.25 + 0.04

65.4 + 19.1
1.85 + 0.20

1.34 £ 0.47

0.174 + 0.081

211 + 46
227 £ 3.4

* Laboratories that have participated in one or more of the former four NOAA intercomparison exercises.

20



Table 9. Comparison of 1991 tissue analysis results of previous participants and new
participants (ug/g) (number of means used in the calculation are in parenthesis) (from Willie
and Berman, 1991).

Element

Al

As

Se

Ag

Sn

Pb

Sample
Mussel P
SRM 1566a

Mussel P
SRM 1566a

Mussel P
SRM 1566a

Mussel P
SRM 1566a

Mussel P
SRM 15662

Mussel P
SRM 1566a

Mussel P
SRM 1566a

Mussel P
SRM 1566a

Mussel P
SRM 1566a

SRM 1566a

Mussel P
SRM 1566a

Mussel P
SRM 1566a

*

Core
laboratories

645 + 276 (8)

New
laboratories

307 + 125 (8)

Accepted or
certified value

95 + 62 (8) 62 + 30 (6) 202.5 + 12.5
2.55 + 0.79 (9) 1.20 + 0.33 (7) 2.52 + 0.75
2.24 + 0.47 (9) 1.58 + 0.75 (13) 1.43 t 0.46
567 + 109 (8) 460 + 127 (11) 575 + 172
511 + 64 (7) 464 + 96 (7) 539 + 15
6.93 + 2.24(10) 8.02 + 1.91 (11) 7.81 t 3.07
65.5 + 6.1 (8) 61.5 + 2.0 (9) 66.3 + 4.3
151 + 17.5 (10) 140 + 16 (14) 146 + 19
807 + 72 (7) 787 + 81 (9) 830 t 55.7
9.33 + 2.45 (8) 8.79 + 3.06 (13) 8.56 + 5.0
12.6 + 2.3 (8) 11.4 + 2.2 (8) 14 £ 1.2
3.21 + 0.78 (8) 2.79 + 0.74 (10) 2.86 + 1.20
2.16 + 0.10 (6) 1.93 + 0.48 (6) 2.21 + 0.24

0.621 + 0.093 (9) 0.535 0.15 (6) 0.587 + 0.257
1.64 + 0.11 (7) 1.38 + 0.62 (6) 1.68 + 0.15
4.30 + 0.44 (9) 3.73 + 0.53 (14) 3.96 + 1.14
4.10 + 0.34 (8) 4.01 + 0.40 (10) 4.15 + 0.38
1.82 + 0.74 (7) 2.72 1.12 (3) 2.18 0.27

0.165 + 0.075 (8)  0.222 + 0.182 (14) 0.159 + 0.065

0.0616 + 0.0115 (7) 0.0634 + 0.0238 (9) 0.0642 + .0067
1.77 + 0.29 (10)

0.335 + 0.049 (8)

1.87 + 0.54 (11)
0.318 + 0.041 (5)

1.75 t 0.67
0.371 = 0.014

* Laboratories that have participated in one or more of the former four NOAA intercomparison exercises.
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4.2. 1992 Exercise

The sixth NS&T trace metals intercomparison exercise, NOAA/6, took place in 1992 and was
coordinated by NRC. The NS&T cooperating laboratories were SEFSC, BATTELLE, and TAMU.
Materials were sent to 39 other laboratories, some of which participated on a voluntary basis.
Results were received from the NS&T cooperating laboratories and 32 non-NS&T laboratories.
The materials used were Sediment R, BCSS-1, Fish Q and DORM-1. The results of the analyses
are listed in Appendix Il. A detailed description of the exercise and the results of the other
participating laboratories can be found in Willie and Berman (1992).

4.2.1. Description of materials and exercise

Sediment R is a freeze dried sediment from Chesapeake Bay donated by the NIST. Fish Q is a
spray-dried sample of filleted flounder collected off the east coast of Nova Scotia, Canada, and
prepared for NRC by the Technical University of Nova Scotia. DORM-1, Dogfish Liver, is
composed of dogfish (Squalus acanthias) liver containing 5% fat. The livers were cleaned and
frozen for storage, thawed, homogenized and extracted with acetone to produce a partially
defatted protein powder. This powder was screened through a 24-mesh nylon screen, mixed,
bottled, and radiation sterilized. The certified values are listed in Table 10, and a more
complete description of the preparation and analysis of DORM-1 can be found in NRC (1986).

As for the NOAA/5 exercise, each laboratory received 10-g samples of each "unknown®
sample, and were asked to perform five replicate analyses of each of the two unknowns, BCSS-
1, and DORM-1, for Al, Cr, Fe, Ni, Cu, Zn, As, Se, Ag, Cd, Sn, Hg and Pb. Analyses of Si, Mn,
Sb and Tl were also required for Sediment R and BCSS-1. The results are shown graphically in
Figures 16 - 30, and are listed in Appendix |l. NRC provided benchmarks for accuracy by
analyzing Sediment R and Fish Q by two cifferent methods, including IDICPMS when possible.

4.2.2. "Accepted” values

"Accepted” values were calculated from the mean of laboratory replicates and the NRC data as
described in Section 4.1.2. The "accepted" values and uncertainties as well as the certified
values and uncertainties for BCSS-1 and DORM-1 are listed in Tables Il.1 - Il.4 in Appendix II.

Table 10. Major and trace element certified concentrations and uncertainties available for
DORM-1, Dogfish Muscle (Uncertainties represent 95% tolerance limits.) (ug/g dry weight
unless noted).

Element Value Uncertainty () Element Value Uncertainty (1)
Na (%) 0.800 0.060 Cu 5.22 0.33

Mg (%) 0.121 0.013 Zn 21.3 1.0

Cl (%) 1.13 0.03 As 17.7 2.1

K (%) 1.59 0.10 Se 1.62 0.12

Cr 3.60 0.40 Cd 0.086 0.012

Mn 1.32 0.26 Hg 0.798 0.074

Fe 63.6 5.3 Pb 0.40 0.12

Co 0.049 0.014

Ni 1.20 0.30 Methyl Hg  0.731 0.060
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4.2.3. Resuits
4.2.3.1. Al, Si, Fe, and Mn

The results of the Al, Fe and Mn analyses are shown in Figures 16, 17 and 18, respectively.
The means of the three NS&T cooperating laboratories for Al were within the 95% confidence
interval of Sediment R and BCSS-1, although the mean reported by BATTELLE for BCSS-1 was
slightly high (Figure 16). Aluminum analysis of tissues was not required. The analysis of Si in
tissues was not required and only one of the three laboratories reported Si values in sediments.
The Si results for BCSS-1 were within the certified range for the CRM. Although there were
insufficient data to determine an accepted value for Sediment R, the results of the three
reporting iaboratories were comparable. The Fe results are shown in Figure 17. BATTELLE and
TAMU reported means within the confidence interval of Sediment R and BCSS-1. SEFSC
reported a mean value of 2.22 + 0.03% for Sediment R, higher than the accepted value of 1.88
+ 0.25%, and outside the confidence interval. The confidence interval for Fish Q was large,
approximately + 47%, and the three NS&T laboratories reported values within the confidence
interval. The confidence interval of DORM-1 was + 8%. BATTELLE and TAMU reported mean
values within the confidence interval. The mean value reported by SEFSC was 70 + 3 ng/g,
slightly above the certified value and confidence interval of DORM-1, 63.6 + 5.3 png/g. The Mn
results are shown in Figure 18. The determination of Mn in tissues was not required. The mean
values reported by BATTELLE and SEFSC were within the confidence intervals for Sediment R
and BCSS-1. No Mn results were reported by TAMU.

4.2.3.2. Cr, Ni, Cu, and Zn

The results of the Cr, Ni, Cu, and Zn analyses are shown in Figures 19, 20, 21, and 22,
respectively. The mean Cr values reported by the three NS&T cooperating laboratories were
within the confidence intervals of each of the exercise materials, except for the SEFSC result
for BCCS-1 which was low, 92 ug/g, compared to the certified value of 123 ug/g, and the
BATTELLE result for DORM-1 which was high, 4.2 ug/g, compared with the certified value of
3.6 ug/g. Low Cr values for sediment samples may be indicative of incomplete dissolution. The
BATTELLE mean value for DORM-1, 4.2 ug/g, was slightly higher than the upper limit of the
confidence interval, 4.0 ug/g. Nickel was not a target analyte for previous exercises. The
results of the Ni analyses of the four exercise materials by BATTELLE and TAMU

o 87 i CERTIFIED
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s . . . 6 froososoooooo- e R
21 z
T S I
-o F 4 ﬂ-
2,4
2 2 -,
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0 +- - 0 + 4 ;
BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
Laboratory Laboratory

Figure 16. 1992 NOAA/6 Al intercomparison exercise results of five replicates for Sediment R and BCSS-1
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is + uncertainty.) (% dry wt.).
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Figure 17. 1992 NOAA/6 Fe intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (Solid line is the certified value, if available, or the accepted value determined by NRC using
exercise results. Dashed line is $95% confidence limit.) (percent or ug/g dry wt. as noted).
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Figure 18. 1992 NOAA/6 Mn intercomparison exercise results of five replicates for Sediment R and BCSS1
(Solid line is the cettified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is + uncertainty. NA - Not available.) (ug/g dry wt.).
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Figure 19. 1992 NOAA/6 Cr intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (Solid line is the certified value, if available, or the accepted value determined by NRC using
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Figure 20. 1992 NOAA/6 Ni intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (Solid line is the certified value, if available, or the accepted value determined by NRC using
exercise results. Dashed line is +95% confidence limit.). (ug/g dry wt.).
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Figure 21. 1992 NOAA/6 Cu intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
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were within the confidence intervals. The mean Ni value reported by SEFSC for DORM-1, 0.084
ng/g, was slightly lower than the lower limit of the confidence interval, 0.9 pg/g. The mean Ni
reported by SEFSC for Sediment R, 24.7 pg/g, was slightly above the higher limit of the
confidence interval, 23.5 pg/g. The SEFSC results for the other materials were within the
confidence intervals. The mean Cu values reported by the three NS&T cooperating laboratories
were within the confidence intervals of each of the exercise materials except for the BATTELLE
results for DORM-1, 6.2 pg/g, compared to the upper limit of the confidence interval, 5.55
ng/g (Figure 21). The mean Zn values were within the confidence intervals except for the
SEFSC mean for DORM-1, 19.7 ug/g, which was just below the lower limit of the confidence
interval, 20.3 pg/g (Figure 22). The confidence interval for DORM-1 was only + 10%, which is
very narrow.

4.2.3.3. As, Cd, Ag, Hg, and Pb

The results of the As, Cd, Ag, Hg, and Pb analyses are shown in Figures 23, 24, 25, 26, and
27, respectively. The means of the As results reported by the three NS&T cooperating
laboratories were within the confidence intervals of the four exercise materials (Figure 23).
The means of the Cd results for Sediment R and BCSS-1 were within the confidence intervals of
the exercise materials (Figure 24). Similar results were reported for Fish Q and DORM-1 by
SEFSC and TAMU. The Cd results reported by BATTELLE for Fish Q and DORM-1 have %RSDs of
43% and 42% respectively, and the mean values are outside the confidence intervals. The
reported MDL for BATTELLE for tissues is 0.21 pg/g (Table 6), which is higher than the
accepted value for Fish Q and the certified value for DORM-1. The results of the Ag analyses
are shown in Figure 25. The Ag concentration of Sediment R was quite low, 0.40 + 0.022 pug/g.
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Figure 23. 1992 NOAA/6 As intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is £95% confidence limit.).
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Figure 25. 1992 NOAA/6 Ag intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted vaiue
determined by NRC using exercise results. Dashed line is +95% confidence limit.).
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Figure 26. 1992 NOAA/6 Hg intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fis‘h
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is + uncertainty. NA - Not available.).
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Figure 27. 1992 NOAA/6 Pb intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is +95% confidence limit.).
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Figure 28. 1992 NOAA/6 Se intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is £95% confidence limit.).

There is no certified value for BCSS-1. The results of the three NS&T laboratories, however,
were within the confidence interval of both materials. The mean values reported for the Fish Q
were also within the confidence intervals. The accepted Ag value for Fish Q is 0.18 + 0.022
png/g. BATTELLE reported a slightly high mean value of 0.19 pg/g for DORM-1, and TAMU a
slightly high one of 0.23 + 0.02 ug/g. The Hg content of Sediment R was quite low, only 0.038
+ 0.027 ug/g. The results of the three NS&T cooperating laboratories were within the
confidence interval of this material. Similar results were reported for BCSS-1, although no Hg
data were submitted by BATTELLE. The results for the tissue materials were also good. The
BATTELLE Hg mean, 0.092 ug/g, was slightly high compared to the upper limit of the
confidence interval, 0.872 pg/g. The performance of the three NS&T cooperating laboratories
was very good for all four exercise materials for Pb. The Pb level in Fish Q, 0.42 + 0.24 ug/g,
was very low so the precision of the results was lower than for the other three sets of
analyses. Overall, the best results for all the laboratories participating in NOAA/6 were for
Pb.

4.2.3.4. Se, Sn, and Sb

The results of the Se, Sn and Sb analyses are shown in Figures 28, 29, and 30, respectively.
The Se concentration of Sediment R was quite low, 0.17 ug/g, and this was close to the MDL
for BATTELLE, 0.16 ug/g. The results reported by SEFSC and TAMU were within the confidence
intervals for this material. The mean of the results reported by SEFSC for BCSS-1, 0.28 nug/g,
was below the lower limit of the confidence interval, 0.37 ng/g. The results reported by
BATTELLE and TAMU were within the confidence interval for BCSS-1. The results of the Se
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Figure 29. 1992 NOAA/6 Sn intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is +95% confidence limit. No certified or accepted
value were available for Fish Q and DORM-1.).
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Figure 30. 1992 NOAA/6 Sb intercomparison exercise results of five replicates for Sediment R, BCSS-1, Fish
Q, and DORM-1 (ug/g dry wt.) (Solid line is the certified value, if available, or the accepted value
determined by NRC using exercise results. Dashed line is + uncertainty. NA - Not available.).
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tissue analyses were within the confidence intervals of Fish Q and DORM-1. The results for
Sediment R for Sn reported by BATTELLE and SEFSC were within the confidence interval. The
mean Sn reported by TAMU for Sediment R, 0.94 ug/g, was slightly lower than the lower limit
of the confidence interval, 0.97 ng/g. The Sn means reported by BATTELLE and TAMU for
BCSS-1 were within the confidence interval. The mean Sn reported by SEFSC, 1.6 pg/g, was
lower than the lower limit of the confidence interval, 1.85 ug/g. The concentrations of Sn in
Fish Q and DORM-1 were very low and close to the tissue MDLs of the three laboratories (Table
6). Few laboratories reported results for these materials so no accepted value was calculated
for Fish Q. DORM-1 is not certified for Sn. SEFSC did not submit results for Sb. The means
reported by TAMU for Sediment R and BCSS-1 for Sb were within the confidence interval.
Those reported by BATTELLE were within the confidence interval for Sediment R but slightly
high for BCSS-1. The BATTELLE mean for BCSS-1 was 0.71 ug/g, and the upper limit of the
confidence interval was 0.65 pg/g. The determination of Sb in tissues was not required.

4.2.4. Performance evaluation of NS&T laboratories

Willie and Berman (1992) summarized the results of the 1992 NOAA/6 exercise using the
accuracy and precision scale previously described in Section 4.1.4 (Table 11). The same
information is shown graphically in Figures 31 and 32. The performance of the NS&T
laboratories was rated good to superior, although the precision of the BATTELLE results could
be improved.

4.2.5. Performance evaluation of "core" and "new" laboratories

As for NOAA/S, the performance of the "core" laboratories that had previously participated in
intercomparison exercises was better in most cases than that of laboratories participating for
the first time. For example, the results submitted for NOAA/5 and NOAA/6 by a non-NS&T
laboratory that participated in the intercomparison exercises for the first time in 1991 show
improvement in analytical performance over a year's time. The mean absolute percent errors
(absolute percent difference from the consensus mean) for Al, Cr, Fe, Cu, Zn, As, Se, Cd, Sn,
Hg and Pb for each of the four exercise materials in each intercomparison exercise are shown
in Figure 33. It is apparent that, overall, the mean absolute percent errors are smaller for the
1992 exercise than for the 1991 exercise, although there is still room for improvement. Only
one material was common to both NOAA/5 and NOAA/6, BCSS-1, and with some exceptions,
the mean absolute percent errors were also smaller for the CRM. This type of evaluation should
be interpreted with caution since errors magnify as values decrease. Analytical errors also
increase as analyte values approach MDLs.

4.3. 1993 Exercise

The seventh NS&T trace metal intercomparison exercise, NOAA/7, took place in 1993 and was
coordinated by NRC. The NS&T laboratories were SEFSC, BATTELLE, and TAMU. Materials were
sent to 56 other laboratories including 16 Canadian laboratories participating for the first time.
The materials used were Sediment T, BCSS-1, Tissue S, and SRM 1566a. The resuits of the
analyses are listed in Appendix Ill. A detailed description of the exercise and the results of the
other participating laboratories can be found in Willie and Berman (1993).
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Table 11. Laboratory performance evaluation for NOAA/6 (The first letter is the evaluation of
the accuracy and the second of the precision.).

Accuracy:

Precision:

Fish Q

BATTELLE

Al
Si
Cr
Mn
Fe
Ni
Cu
Zn

SEFSC

Al
Cr
Mn

Ni

As
TAMU

Al
Cr

Ni

As

G

moO®mm* m
OHOXo"'

mmmmm ' m*
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Excellent accuracy. All replicates were within the established confidence interval.
Good accuracy. The mean of the replicates was within the established confidence
interval, but one or more of the replicates was outside.

Low results. The mean of the replicates was less than the lower confidence
interval.

High results. The mean of the replicates was greater than the higher confidence
interval.

Accuracy could not be established.

Good precision. The intralaboratory precision was within the following criteria for
various analyte concentrations: concentration >10 pg/g, expected RSD +10%
(5% for Al and Fe in sediments); concentration >1 - <10 pg/g, expected RSD
+15%; and concentration <1 pg/g, expected RSD +20%.

The intralaboratory precision was not within the criteria described above.

No results or a "less than® value submitted.

Sed. R BCSS-1 FishQ  DORM-1 Sed.R BCSS-1
EX HG As EG EG EG GG
27 G EG Se EG GG - - E G
EG EG Ag EX EX EG EG
EX GG cd HX LX EG GG
GG EG Sn ? X 7?2 X EG EG
GG EG Sb - - - - EG HG
EG GG Hg EG HG EG - -
EG EG Pb EG EG EG EG
EG EG Se EG GG EX L G
EG L G Ag EG LG GX GG
EG G X cd EG EG EG EG
HG EG Sn 7?7 X 7?2 X GG L G
HG EG Sb - - - - - - - -
EG EG Hg EG EG EG EG
EG EG Pb GG EX EX EG
EG EG

EG EG Se EG EG EG EG
EG EG Ag EG HG GG GG
EG EG cd EG EG HG EG
EG EG Sn 7?7 X 7?2 G LG EG
EG EG Sb - - - - EG GG
EG EG Hg EG EG EG EG
EG EG Pb EG EG EG EG
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Figure 31. 1992 major and trace element sediment determination performance evaluation.

34



BATTELLE SEFSC TAMU
FishQ DORM-1 FishQ DORM-1 FishQ DORM-1
Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec. Acc.Prec.

Al

Cr - .
Fe . ||
Ni . .
Cu - .
Zn . .
As - .
Se

‘ HE
AD Z] EIN
cd ] ol
o HE Bl N B E
- HE HHE WA =B

Accuracy Precision
. Excellent accuracy.

] Good accuracy. One or more repiicates outside range,

mean Is within. 121 Poor precision.

Good precision. RSD varies from +5% to
+20% depending on concentration ranges.

2] Low results. Mean is below range.

High results. Mean is above range.
D Accuracy cannot be established.

Figure 32. 1992 major and trace element tissue determination performance evaluation.
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Figure 33. Absolute mean percent errors of the results of 1991 and 1992 intercomparison exercises of a
laboratory participating in the exercises for the first time in 1991 (Order of elements: Al, Cr, Fe, Cu, Zn, As,
Se, Cd, Sn, Hg, and Pb.).

4.3.1. Description of materials and exercise

Sediment T is a freeze-dried Mississippi Delta sediment donated by TAMU. Tissue S is a freeze-
dried Mytilus edulis tissue homogenate collected by the International Atomic Energy Agency in
the Mediterranean off the coast of France and further processed and bottled by the SRM
program at NIST. Since the flounder tissue used for the NOAA/6 exercise contained low levels
of contaminants, the Tissue S material was selected since it was expected to have higher
levels. The control materials, BCSS-1 and SRM 1566a, were described previously.

Each laboratory received 10-g samples of each "unknown® sample and were asked to perform
five replicate analysis of each of the unknowns, BCSS-1 and SRM 1566a for Al, Cr, Fe, Ni, Cu,
Zn, As, Se, Ag, Cd, Sn, Hg, and Pb. The sediment materials were also to be analyzed for Be, Si,
Mn, Sb and TI. All results, including outliers, are shown graphically in Figures 34 - 47 and are
listed in Appendix Ill. As in previous exercises, NRC provided benchmarks for accuracy.

4.3.2. "Accepted” values

Accepted values were determined as in previous exercises (Section 4.1.2).

4.3.3. Results
4.3.3.1. Al, Si, Fe, and Mn

The results of the Al, Fe and Mn analyses are shown in Figures 34, 35 and 36 respectively. The
means of the Al results of the three NS&T cooperating laboratories were within the 95%
confidence interval of Sediment T, BCSS-1 and Tissue S. The results of the SRM 1566a
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Figure 34. 1993 NOAA/7 Al intercomparison exercise results of five replicates for Sediment T, BCSS-1,
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NRC using exercise results. Dashed line is £95% confidence limit.)(% dry wt.).

5 4.0T1
- 41 """"""""""""""
E ™ ] e 3-5':-------.--------------; ------
N ey -
© 3.0+ -
2 21
lf 1 e 2'5--
Sediment T BCSS-1 CERTIFIED
0 { $ } 2.0 } + }
BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU
,?250" 600T
= P~ Yo =
> ]
] ] | ] | ]
= 150% ... s iy Ciahieineb i
> 500+ . a
2100+ :
®
[V
50 Tissue S SRM 1566a CERTIFIED
0 $ $ $ 400 $ $ :
BATTELLE SEFSC TAMU BATTELLE SEFSC TAMU

Figure 35. 1993 NOAA/7 Fe intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by

Laboratory

Laboratory

NRC using exercise results. Dashed line is +95% confidence limit.) (% or ug/g dry wt. as noted).

37



BATTELLE SEFSC TAMU

Laboratory

BATTELLE SEFSC TAMU
Laboratory

BOO P ce e ccccccccmccee tmmm——- 250 b cccccccccccccccccnccccammana-
- B s H =
E 200-: ---------------------------
t’ 600 L EEELEE TR EEEEEER TR
- : 1501 -
4004
3’ 100+
c 2004
= Sediment T S0T BcCss-1 CERTIFIED
o $ 4 I : 0 I s i :

Figure 36. 1993 NOAA/7 Mn intercomparison exercise results of five replicates for Sediment T and BCSS-1
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is +95% confidence limit.) (ung/g dry wt. as noted).

analyses were low for BATTELLE and TAMU. SEFSC did not report results for Al in tissues. The
results of the Fe analyses are shown in Figure 35. All the mean values were within the
confidence interval except for those of SEFSC and TAMU for SRM 1566a. The Mn results are
shown in Figure 36. The SEFSC results were low and outside the confidence interval. No Mn
analysis of the tissue materials was required. Only BATTELLE reported Si values for the
sediment materials and the results were within the confidence intervals. Analysis of Si in the
tissue materials was not required.

4.3.3.2. Cr, Ni, Cu, and Zn

The results of the Cr, Ni, Cu, and Zn analyses are shown in Figures 37, 38, 39, and 40,
respectively. The Cr results for the sediment materials were within the confidence intervals,
except for the SEFSC results for BCSS-1. The calculated concentration for Cr in Tissue S was
low, 0.5 pg/g, and the confidence interval was high, + 60%. The results of SEFSC and TAMU
were within the confidence interval, and those of BATTELLE were high. For SRM 1566a, which
has a comparable concentration to that of Tissue S, the BATTELLE and TAMU results were
within the confidence interval and those of SEFSC were slightly low. The Ni analyses results
were within the confidence intervais except for the SEFSC values for BCSS-1 and SRM 1566a
(Figure 38). The mean results of the Cu analyses of all the exercise materials were within the
confidence intervals, except for the mean of TAMU for Tissue S which was low. The Zn results
are shown in Figure 40. The means were within the confidence intervals except for the TAMU
results for Sediment T and Tissue S which were high.
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Figure 37. 1993 NOAA/7 Cr intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is $95% confidence limit.)(ng/g dry wt.).
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Figure 38. 1993 NOAA/7 Ni intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.)(ug/g dry wt.).
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Figure 39. 1993 NOAA/7 Cu intercomparison exercise results of five replicates of Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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Figure 40. 1993 NOAA/7 Zn intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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4.3.3.3. As, Cd, Ag, Hg, and Pb

The results of the As, Cd, Ag, Hg, and Pb analyses are shown in Figures 41, 42, 43, 44, and
45, respectively. The means of the As results reported by BATTELLE and TAMU were within
the confidence intervals of the four exercise materials (Figure 41). The SEFSC results were
within the confidence interval for Sediment T, but low for the other three materials. The
results of the Cd analyses are shown in Figure 42. All the BATTELLE means were within the
confidence intervals. The SEFSC results for Sediment T and BCSS-1 were within the confidence
limits, but outside the confidence limits for the tissue materials. Two of the TAMU means were
just outside the confidence intervals. That for Sediment T was high, and that of SRM 1566a
was low. The Ag results are shown in Figure 43. BATTELLE and SEFSC reported some values
below the limit of detection. The mean of the SRM 1566a analyses by BATTELLE was slightly
high. The precision of the SEFSC Ag analyses was low. The Hg analyses results for BATTELLE
and TAMU were within the confidence intervals (Figure 44). The mean reported by SEFSC was
high and outside the confidence interval for Sediment T, and low and outside the interval for
SRM 1566a. The precision of the SEFSC results was low. The means of the Pb analyses were
within the confidence intervals (Figure 45). The precision for SEFSC for SRM 1566a was again
low.
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Figure 41. 1993 NOAA/7 As intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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Figure 43. 1993 NOAA/7 Ag intercomparison exercise results of five replicates for Tissue S and SRM 1566a
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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Figure 45. 1993 NOAA/7 Pb intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).
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Figure 46. 1993 NOAA/7 Se intercomparison exercise results of five replicates for Sediment T, BCSS-1,
Tissue S, and SRM 1566a (Solid line is the certified value, if available, or the accepted value determined by
NRC using exercise results. Dashed line is +95% confidence limit.) (ug/g dry wt.).

4.3.3.4. Se, Sn, and Sb

The Se results are shown in Figures 46. The means of the five replicates were within the
confidence intervals, except for the BCSS-1 mean by BATTELLE which was slightly low and the
SEFSC means, which were low and outside the confidence intervals for the Sediment T and
BCSS-1. The Sn means for Sediment T, BCSS-1, and SRM 1566a were within the confidence
intervals, except for the means of SEFSC, which were slightly low (Figure 47). The level of Sn
in Tissue S was very low, 0.08 + 0.053 pg/g. The TAMU results were low and SEFSC reported
values below the limit of detection. Of the NS&T cooperating laboratories, only BATTELLE and
TAMU reported results for Sb, and the results were within the confidence intervals (Figure
48).

4.3.3.5. Be

Beryllium was analyzed for the first time as part of an NS&T exercise during NOAA/7.
Analysis of Be in the tissue materials was not requested. Only BATTELLE reported Be analyses
results and these were within the confidence intervals of Sediment T and BCSS-1.

4.3.4. Performance evaluation of NS&T laboratories

Willie and Berman (1993) summarized the results of the 1993 NOAA/7 exercise using the
accuracy and precision scale previously described in Section 4.1.4 and listed in Table 12. The
same information is shown graphically in Figures 49 and 50. The performance of the NS&T
laboratories was rated good to superior in most cases, although that of SEFSC could be
improved.
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Figure 47. 1993 NOAA/7 Sn intercomparison exercise results of five replicates for Sediment T and BCSS-1
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise

results. Dashed line is +95% confidence limit.) (ng/g dry wt.).
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Figure 48. 1993 NOAA/7 Sb intercomparison exercise results of five replicates for Sediment T and BCSS-1
(Solid line is the certified value, if available, or the accepted value determined by NRC using exercise
results. Dashed line is + uncertainty. NA - Not analyzed.) (ng/g dry wt.).
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4.3.5. Performance evaluation of "core” and "new" laboratories

As for the previous exercises, the performance of the "core® laboratories that had previously
participated in intercomparison exercises was better in most cases than that of laboratories
participating for the first time.

5. TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS
5.1. 1991 Exercise

The 1991 trace organic intercomparison exercise was organized by NIST. The materials used
were prepared by NIST and were Tissue Control Material Ill (QC90TC) and Bivalve Tissue
Extract Il (QA91BE2). The NS&T cooperating laboratories were NWFSC, BATTELLE, and TAMU.
Tissue Control Material 1ll was sent to 27 other laboratories, and Bivalve Tissue Extract Il to
21 other laboratories. These laboratories participated in the exercise on a voluntary basis.
Results were received from 9 and 10 laboratories respectively, in addition to the NS&T
cooperating laboratories. The results of the NS&T cooperating laboratories are listed in
Appendix IV.

5.1.1. Description of materials and exercise

The Tissue Control Material lll (QC90TC) was prepared by NIST in 1990 but not used by the
NS&T cooperating laboratories until 1991. This material was a frozen bivalve tissue
homogenate still containing its endogenous water. Bivalve Tissue Extract Il (QA91BE2) was an
accuracy-based material prepared by NIST, and was a concentrated extract of SRM 1974,
Organics in Mussel Tissue. Each ampoule contained approximately 4 mL of the dichloromethane
extract, equivalent to 2.36 g dry weight (19.2 g wet weight) of SRM 1974. Gravimetric
amounts of one analyte of each of the three chemical classes were added to the extract to yield
the following: 300 ng/ampoule of 1-methylphenanthrene (consensus value 284 ng/ampoule);
41.5 ng/ampoule of mirex (consensus value 40 ng/ampoule); and 86.6 ng/ampoule of PCB 209
(consensus value 89 ng/ampoule). The entire contents of each ampoule was used for each
analysis. The results were based on the total contents of each ampoule. The weight of material
in each ampoule was determined by NIST.

Each laboratory received three ampoules or jars of each unknown, and was asked to extract the
materials and perform triplicate injections of the extract of a sample from one of the ampoules
or jars, and single injections of the other two. Two ampoules each of concentrated PCBs (SRM
2262) and pesticides (SRM 2261), and PAHs (SRM 2260) calibration solutions were also sent
to each participant. A computer diskette accompanied the samples to facilitate data reporting.
The analytes determined were the organic compounds listed in Table 1. The participants were
unaware of the identity of the material extracted to prepare the Bivalve Tissue Extract Il.

5.1.2. Consensus values

For each analyte, the laboratory analyte means were evaluated for outliers, using the Dixon
Test, and by the use of NIST expert chemical judgement after viewing both normal and log plots
of the data (R. Parris, NIST, personal communication, 1994). This judgement utilized knowledge
of potential coeluters based on reported analytical methods. The consensus mean was calculated
as the mean of the individual laboratory analyte means with the identified outliers excluded. In
a few instances in which the analyte concentration was below the detection limit of most
participating laboratories, no consensus value was calculated. The exercise coordinators
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Table 12. Laboratory performance evaluation for NOAA/7 (First letter is the evaluation of the
accuracy and the second of the precision.).

Accuracy: E Excellent accuracy. All replicates were within the established confidence interval.
G Good accuracy. The mean of the replicates was within the established confidence
interval, but one or more of the replicates was outside.
L - Low results. The mean of the replicates was less than the lower confidence
interval.
H - High results. The mean of the replicates was greater than the higher confidence
interval.
? - Accuracy could not be established.
Precision: G - Good precision. The intralaboratory precision was within the following criteria for
various analyte concentrations: concentration >10 pg/g, expected RSD +10%
(+5% for Al and Fe in sediments); concentration >1 - <10 pg/g, expected RSD
+15%; and concentration <1 pg/g, expected RSD +20%.
X - The intralaboratory precision was not within the criteria described above.
- - No results or a "less than" value submitted.
Sed. T BCSS-1 Tissue S SRM Sed. T BCSS-1 TissueS SRM
1566a 1566a
BATTELLE
Al E G G X L G E G As E G E G E G E G
Si E G G G - - - - Se E X L G E G G X
Cr E G E G E G H X Ag E G E G H G G -
Mn E G E G - - - - Cd E G E G E G E G
Fe E G E G G G E G Sn E G G X E X E X
Ni E G E G E G E G Sb E G E G - - - -
Cu E G E G E G G X Hg E G E G E G E G
Zn E G E G E G E G Pb E G E G G G E G
SEFSC
Al E G E G - - - - As E G G G - - - -
Si - - - - - - Se L X L X - - - -
Cr E G L G - - - - Ag E X E X L G G -
Mn L G L G - - - - Cd E G E G - - - -
Fe E G G G E G G G Sn L G L X - - - -
Ni E G L G - - - - Sb - - - - - - - -
Cu E G E G E G L G Hg H G E G E G E G
Zn E G E G E G E G Pb E G E G G - H G
TAMU
Al E G E G L G E G As E G E G E G E G
Si - - - - - - - - Se E G E G E G E G
Cr E G E G E G E G Ag E G E G E G E G
Mn E G E G - - - - Cd H G E G E G E G
Fe E G E G L G E G Sn E G E G E X L X
Ni E G E G E G E G Sb E G E G - - - -
Cu E G E G E G L G Hg E G E G E G E G
Zn H G E G E G H G Pb E G E G E G E G
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Figure 49. 1993 major and trace element sediment determination performance evaluation.
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Figure 50. 1993 major and trace element tissue determination performance evaluation.
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recognize the limitations of using a consensus mean as the "assigned value® for evaluation of
exercise results. Concurrent reference material analyses have been required for a number of
years in the trace metals exercise program and have proved to be quite useful in the
assessment of results. The lack of availability of appropriate CRMs or SRMs has precluded
their use in this manner in the trace organic exercises, but this approach will be utilized in
future exercises. The materials used in the Marine Sediment Il (1992), Mussel V (1993), and
Fish | (1993) exercises were candidate CRMs, and certified concentrations will be available for
comparison with the consensus values for the majority of the analytes of interest.

5.1.3. Results
5.1.3.1. Tissue Control Material 11l (QC90TC)

The results of the intercomparison exercise reported by the NS&T cooperating laboratories are
shown graphically in Figures 51 - 56.

The results of determinations of the 2- and 3-ring PAHs (low molecular weight) and the 4- and
5-ring (high molecular weight) PAHs are shown graphically in Figures 51 and 52. The
compounds in each of these classes of PAHs are listed in Table 13. In these two figures and
others in this section, the solid line is the consensus value calculated by NIST using the
exercise results, not including outliers. The dotted line is the range defined by plus or minus
one standard deviation of the consensus value, and the dashed line is £35% of the high and low
limits of the consensus value range. This is the limit of acceptability defined by the NS&T
Program for organic compounds when the concentrations in the samples are 10 times higher
than the MDL of the laboratory. The results of the laboratories were within the NS&T specified
range, and most were within the smaller range defined as plus or minus one standard deviation
of the consensus value. It is also important to note that the concentrations of most analytes
were at low ng/g dry weight range, which makes it especially difficult to produce precise and
accurate data.

The results of the PCB congener determinations are shown in Figure 53. Similar results to
those of the PAHs were obtained. Except in a few instances, the results were within the NS&T

Table 13. Polycyclic aromatic hydrocarbons molecular weight categories used in the NS&T
Program.

Low molecular weight PAHs High molecular weight PAHs
(2- and 3-ring structures) (4- and 5-rings)
1-Methylnaphthalene Benzo[a]pyrene
1-Methylphenanthrene Benzo[b]fluoranthene
1,6,7-Trimethylnaphthalene Benzo[e]pyrene
2,6-Dimethylnaphthalene Benzo[ghilperylene
2-Methylinaphthalene Benzo[k]fluoranthene
Acenaphthene Benz[a]anthracene
Acenaphthylene Chrysene

Anthracene Dibenzo[a,h]anthracene
Biphenyl Fluoranthene

Fluorene Indeno[1,2,3-cd]pyrene
Naphthalene Perylene
Phenanthrene Pyrene
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Figure 51. 1991 Tissue Control material (QA90TC) intercomparison exercise results of low molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 52. 1991 Tissue Control material (QA90TC) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus value calculaied by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 53. 1991 Tissue Control material (QAS0TC) intercomparison exercise results of PCB congener
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
wt.).
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Figure 54. 1991 Tissue Control material (QA90TC) intercomparison exercise results of DDT and metabolite

analyses of three samples (Solid line is the
Dotted line is the range defined as plus or

consensus value calculated by NIST using exercise results.
minus one standard deviation of the consensus value. The

dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
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Figure 55. 1991 Tissue Control material (QA90TC) intercomparison exercise results of cyclopentadiene
pesticide analyses of three samples (Solid line is the consensus value calculated by NIST using exercise
results. Dotted line is the range defined as plus or minus one standard deviation of the consensus value.
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Figure 56. 1991 Tissue Control material (QA90TC) intercomparison exercise results of gamma-HCH,
hexachlorobenzene and mirex analyses of three samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus value. The dashed line is +35% of this range. Circles indicate values below the MDLs or not
submitted.) (ng/g dry wt.).

specified range and most were within the smaller range defined by the consensus value, plus or
minus one standard deviation. The results of DDT and metabolites are shown in Figure 54. All
results were within the NS&T specified range except for those of 2,4'-DDE for TAMU. The
2,4'-DDT levels in the tissue control material were very low, and NIST and TAMU reported
values below the MDL. The results for cis-chlordane, dieldrin, heptachlor, heptachlor epoxide
and trans-nonachlor are shown in Figure 55. These cyclopentadiene compounds have similar
structures and thus are shown together. All results were within the NS&T specified range. The
results of analyses of the other pesticides in the NS&T analyte list, gamma-HCH,
hexachlorobenzene and mirex, are shown in Figure 56. The levels of these pesticides in the
tissue control material were low and several laboratories reported values below the MDL. The
results were within the specified range expect for those reported by TAMU for gamma-HCH. To
determine if there is any bias in the analyses, the ratios of the analytically determined mean
values to those of the consensus values are shown in Figures 57 - 59. The order of the analytes
is the same as those in Appendix IV. TAMU results are biased low for PAHs, PCBs, and
chlorinated pesticides. BATTELLE and NWFSC results are biased high for PCBs.

5.1.3.2. Bivalve Tissue Extract Il (QA91BE2)

The Bivalve Tissue Extract || (QA91BE2) sample had a large number of potential interfering
compounds so the participating laboratories had to remove the interferences and perform a
class separation prior to measurement. This exercise follows the 1990 Enriched Bivalve Tissue
Extract (QA90E1) which was intended as an intermediate step of(difficulty between a
gravimetric solution and a ‘"real® sample (Cantillo and Parris, 1993). Concentrations were
reported on a per ampoule basis, and can be converted to ng/g dry weight by dividing the per
ampoule value by 2.36.
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Figure 57. 1991 Tissue Control material (QA90TC) intercomparison exercise PAHs ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table IV.1,
Appendix |V. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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Figure 58. 1991 Tissue Control material (QASOTC) intercomparison exercise PCB congener ratios of
analytically determined mean value of three samples to consensus value (Order of analytes same as in
Table V.1, Appendix V. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs
or not submitted.).
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Figure 59. 1991 Tissue Control material (QA90TC) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table IV.1,
Appendix IV. Dotted lines are ¥30% of consensus value. Circles indicate values below the MDLs or not
submitted.).

The results of the low and high molecular weight PAH analysis are shown in Figures 60 and 61,
respectively. Most of the results submitted by NWFSC were slightly high, with the mean of the
replicates above the consensus value range defined as the consensus value plus or minus one
standard deviation. The mean value reported by NWFSC for naphthalene, however, was
considerably higher than the consensus value. Slightly high values were also reported by
BATTELLE for phenanthrene. Slightly low means were reported by BATTELLE for 1,6,7-
trimethylnaphthalene; and by TAMU for phenanthrene and anthracene. These values were above
the MDLs listed in Table 14.

The results of the PCB congener analyses are shown in Figure 62. Relatively higher values
were submitted by BATTELLE for PCB congeners 44, 52, 66, 101, 153, and 170. Apparent
mean absolute percent errors ranged from 12 to 42%, except for the PCB 170 results which
had a percent error of 73%. The concentration of this congener in the bivalve extract was very
low in comparison with the levels of the other congeners. The consensus value for PCB 170 was
7.8 ng/ampoule. Only PCB 195 and PCB 206 were present at lower levels, below the limit of
detection of BATTELLE and NMFSC (Table 15). The mean submitted by TAMU for PCB 206 was
slightly high. The consensus value for this analyte was low and close to the MDL. The absolute
percent errors of these results were less than 27%.

The results of the DDT and metabolite analyses are shown in Figure 63. Typical MDLs for the
participating laboratories are listed in Table 16. Only four means were below the consensus
value range. The means submitted by TAMU for 2,4'-DDT and 4,4'-DDD were low, and the mean
submitted by TAMU for 2,4'-DDD was below the NS&T limit of acceptability. The mean
submitted by NWFSC for 4,4-DDE was low. The concentration of 2,4'-DDE in the extract was
below the MDLs of BATTELLE and TAMU. The results of the cyclopentadiene (aldrin, cis-
chlordane, dieldrin, heptachlor, heptachlor epoxide, and trans-nonachlor) pesticides are shown
in Figures 64. The concentration of of aldrin and heptachlor were below detection for BATTELLE
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Figure 60. 1991 Bivalve Extract Il (QA91BE2) intercomparison exercise results of low molecular weight PAHs
(Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this

range.) (ng/ampoule.).
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Table 14. 1991 limits of detection for NS&T polycyclic aromatic hydrocarbon analyses of
sediments and tissues (ng/g dry weight).

Compound Sediments Tissues

ST

BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU

1991- 1993 * 1989- 1992+ 1993 * 1991-

1992 t 1992 0 1992 S
1-Methylnaphthalene 0.86 2 to <8 0.8 5.7 0.3 - <2 0.71
1-Methylphenanthrene 1.7 | 0.6 9.3 | 0.64
2-Methylnaphthalene 0.87 | 0.8 5.5 | 0.63 5
2,6-Dimethylnaphthalene 1.2 l 2.4 8.6 l 0.46 L
1,6,7-Trimethylnaphthalene 1.4 | 2.4 5.0 | 0.54
Acenaphthene 1.1 l 4.5 3.8 | 0.66
Acenaphthylene 1.4 l 3.7 10 | 0.55 E
Anthracene 1.3 l 4.1 5.5 | 0.92
Benz[a]anthracene 1.5 l 1.4 8.6 | 0.37 E
Benzo[a]pyrene 2.6 l 1.2 6.7 | 0.70
Benzo[b]fluoranthene 1.4 I 1.8 7.2 | 0.59
Benzo[e]pyrene 0.99 | 2.4 3.6 | 0.57
Benzo[ghilperylene 1.7 | 0.3 4.6 | 0.61 ;
Benzo[k]fluoranthene 1.4 | 1.9 9.8 | 0.69 i
Bipheny! 1.5 | 2.0 4.3 | 1.6
Chrysene 1.2 | 0.5 8.8 | 0.68
Dibenz[a,h]anthracene 12 | 2.6 9.9 l 0.39
Fluoranthene 2.7 l 0.4 9.5 | 0.53
Fluorene 0.83 | 2.5 6.4 | 0.87
Indeno[1,2,3-cd]pyrene 2.4 l 1.6 7.9 | 0.61
Naphthalene 0.48 | 0.5 11 | 1.4
Perylene 4.6 I 3.3 5.1 | 3.2
Phenanthrene 1.4 ! 0.5 7.1 | 0.61
Pyrene 2.4 Vv 3.1 6.8 \" 0.66 :

9 Brooks et al. (1990). t Battelle, 1992. S GERG , 1992b. * SIM detector, mussel samples. Battelle (in press).

* The actual detection limit for an individual analyte in a sample depends on factors such as the procedure used to analyze the
sample, the sample weight, the percent dry weight, the smallest GC peak area of any detected analyte in the appropriate GC
calibration solution with the lowest concentration analyzed with the sample, and the GC detector response to the individual
analyte relative to the GC internal standard. Approximate 1993 detection limits for sediments based on a 10 g sample size and
a 60% dry weight are 2 to <8 ng/g for PAHs. Stomach contents detection limits for a sample of 3 g and 20% dry weight were
0.3 to <2 ng/g for aromatic hydrocarbons (C. Sloan, NOAA/NMFS/NWFSC, Seattle, WA, personal communication, 1993.).
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Figure 62. 1991 Bivalve Extract || (QA91BE2) intercomparison exercise results of PCB congener analyses of
three samples (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is
the range defined as plus or minus one standard deviation of the consensus value. The dashed line is +35%
of this range. Circles indicate values below the MDLs or not submitted.) (ng/ampoule).
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Table 15. 1991 Limits of detection for NS&T PCB congener analyses of sediments and tissues
(ng/g dry wt.).

Compound Sediments Tissues
BATTELLE NWFSC TAMUS BATTELLE NWFSC  TAMU
1991- 1993 * 1989- 1990 + 1993 * 1991-
1992t 1992 ¢ 1992 $
PCB 8 0.87 02-<2 0.08 099 05-<5 0.84
PCB 18 0.48 | 0.25 1.1 | 0.52
PCB 28 0.23 | 0.09 0.92 | 0.35
PCB 44 0.67 | 0.09 2.0 | 0.24
PCB 52 0.26 l 0.09 1.4 | 0.92
PCB 66 0.43 | 0.14 1.7 | 0.39
PCB 77 0.60 I | 1.1
PCB 101 0.49 | 0.13 2.6 | 0.51
PCB 105 0.60 | 0.10 2.0 | 1.1
PCB 118 0 45 | 0.12 2.4 l 0.47
PCB 126" 0.60 | l 0.72
PCB 128 0.34 I 0.13 1.0 | 0.40
PCB 138 0.45 | 0.18 3.7 l 5.9
PCB 153 0.82 l 0.12 5.8 | 1.6
PCB 170 0.67 | 0.81 0.66 | A
PCB 180 0.49 | 0.16 1.6 I 0.36
PCB 187 0.58 I 0.14 1.1 l 0.71
PCB 195 0.61 I 0.25 0.44 l 0.89
PCB 206 0.96 I 0.09 0.88 | 0.59
PCB 209 0.63 v 0.78 0.88 v 0.59

1 Battelle, 1992. S GERG, 1992a. 9 Brooks et al. , 1990. *Battelle, 1991.
A Not reported due to interference, of phthalates.

* The actual detection limit for an individual analyte in a sample depends on factors such as the procedure used to analyze the
sample, the sample weight, the percent dry weight, the smallest GC peak area of any detected analyte in the appropriate GC
calibration solution with the lowest concentration analyzed with the sample, and the GC detector response to the individual
analyte relative to the GC internal standard. Approximate 1993 detection limits for sediments based on a 10 g sample size and
a 60% dry weight are 0.2 to <2 ng/g for chlorinated hydrocarbons. The approximate 1993 detection limits for livers based on
a 3 g sample size and a 30% dry weight are 0.5 to <5 ng/g for chlorinated hydrocarbons. Stomach contents detection limits for
a sample of 3 g and 20% dry weight were 0.5 to <5 ug/g for chlorinated hydrocarbons (C. Sloan, NOAA/NMFS/NWFSC, Seattle,
WA, personal communication, 1993.).
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Figure 63. 1991 Bivalve Extract || (QA91BE2) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is £t35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/ampoule).

and NWFSC; and of heptachlor epoxide for BATTELLE. The BATTELLE means for cis-chlordane,
dieldrin, and trans-nonachlor were higher than the consensus values. Slightly high means were
also submitted by NWFSC for heptachlor epoxide, and trans-nonachlor. The level of heptachlor
epoxide in the Bivalve Tissue Extract || was low and was not detected by one of the
participating laboratories. The results of the mirex and hexachlorobenzene analyses are shown
in Figure 65. High means were reported by NWFSC for mirex and by BATTELLE for
hexachlorobenzene. The concentration of aldrin in the Bivalve Tissue Extract || was below the
limit of detection of the three NS&T cooperating laboratories.

To determine if there is any bias in the analyses of this material, the ratios of the analytically
determined mean values to those of the consensus values are shown in Figure 66 - 68. The
order of the analytes is the same as those in Appendix IV. TAMU results are biased low for
PAHSs, but most of the results are within +30% of the consensus values. NWFSC PAH results
are biased high and about a third of the results are above 30% of the consensus value. The low
concentration range of PAHs, however, presented analytical difficulties and the bias observed
in the analytical results of one set of samples is not representative of the bias of the
laboratory results overall. The PAH results for BATTELLE were within the +30% range with
only one exception. The BATTELLE results for PCB congener analysis were biased high with
some results higher than 30% of the consensus value (Figure 67). The results for NWFSC and
TAMU were within the 30% range with only a few exceptions. The concentrations of
chlorinated pesticides in the Bivalve Tissue Extract were very low and many of the
laboratories reported values below the MDLs. All three cooperating laboratories reported some
values outside the +t30% range of the consensus value (Figure 68), and the results reported by
TAMU seems to be biased low.
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Table 16. 1991 Limits of detection for NS&T pesticide analyses of sediments and tissues (ng/g dry wt.).

Compound Sediments Tissues
BATTELLE  NWFSC TAMU BATTELLE  NWFSC TAMU
1991-19927 1993 *  1989-1902 ¢ 1991+ 1993 *  1991-1992°
2,4'-DDD 0.49 0.2 - <0.2 0.13 0.69 0.5 - <0.5 0.64
2,4"-DDE 0.32 I 0.28 1.1 | 0.30
2,4-DDT 0.37 | 0.25 1.1 I 0.47
4,4-DDD 0.58 | - 7.1 | 0.38
4,4'-DDE 0.25 I 0.85 6.4 ! 0.76
4,4-DDT 0.62 | 0.24 1.7 | 0.38
Aldrin 0.42 | 0.25 0.39 | 0.49
cis-Chlordane 0.39 | 0.23 1.3 l 0.75
Dieldrin 0.40 | 0.16 2.9 | 0.66
gamma-HCH 0.20 | 0.22 1.9 l 0.33
Heptachlor 0.54 | 0.20 1.3 | 0.52
Heptachlor epoxide 0.46 | 0.16 1.4 l 0.57
Hexachlorobenzene 0.28 | 0.37 0.74 | 0.54
Mirex 0.49 I 0.17 0.86 | 0.54
trans-Nonachlor 0.42 \ 0.10 0.99 \ 1.9

1 Battelle 1992. GERG , 1992b. * Battelle, 1991. * Brooks et al., 1990.

*
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Approximate 1993 detection limits for sediments based on a 10 g sample size and a 60% dry weight are 0.2 to <2 ng/g for
chlorinated hydrocarbons. The approximate 1993 detection limits for livers based on a 3 g sample size and a 30% dry weight
are 0.5 to <5 ng/g for chlorinated hydrocarbons. Stomach contents detection limits for a sample of 3 g and 20% dry weight
were 0.5 to <5 pg/g for chlorinated hydrocarbons. (C. Sloan, NOAA/NMFS/NWFSC, Seattle, WA, personal communication,

1993.).
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Figure 64. 1991 Bivalve Extract Il (QA91BE2) intercomparison exercise results of cyclopentadiene pesticide
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/ampoule).
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Figure 65. 1991 Bivalve Extract || (QA91BE2) intercomparison exercise results of gamma-HCH,
hexachlorobenzene, and mirex analyses of three samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus value. The dashed line is +35% of this range. Circles indicate values below the MDLs or not
submitted.) (ng/ampoule).
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5.1.4. Performance evaluation of NS&T laboratories

An accuracy and precision scale similar to the one devised by Willie and Berman (1991, 1992,
and 1993) in Sections 4.1.4, 4.2.4 and 4.3.4 was used to evaluate the performance of the
NS&T cooperating laboratories. Accuracy was considered excellent if all replicates were
within the range defined by the consensus value calculated by NIST using exercise results plus
or minus one standard deviation, and good if the mean of the replicates was within the defined
range but one or more of the replicates was outside. Further, results above or below the NS&T
limits of acceptability are noted. Results were considered low or high if the mean of the
replicates was lower or higher than the defined range. Precision was evaluated using the
following criteria for various analyte concentrations: for concentrations >50 ng/g, the
expected %RSD was +10%; for concentrations >20 - <50 ng/g, the expected %RSD was 120%;
and for concentrations <20 ng/g, the expected %RSD was +40%. The results of this evaluation
are shown in Table 17. The same results are shown graphically in Figure 69 - 71. This
graphical presentation does not take into account the concentration of the analyte in the
exercise materials when compared to the MDLs of the participating laboratories. Typically, as
the analyte concentration approaches the MDL of a method, the error increases.

The PAH analyses results reported by NWFSC for the Bivalve Extract Il (QA91BE2) were biased
high (Figure 66) and this is again shown in Figure 69. Some of the PAH analyses results
reported by TAMU for the Tissue Control Material 1l (QC90TC) were low, and this was also
shown in Figure 57. NIST was unable to quantitate many of the PAHs in the Tissue Control
Material lll since the concentrations of many of these compounds were below the detection
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Figure 67. 1991 Bivalve Extract || (QA91BE2) intercomparison exercise PCB congener ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table IV.2,
Appendix IV Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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Figure 68. 1991 Bivalve Extract Il (QA91BE2) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table IV.2,
Appendix IV Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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Table 17. Laboratory performance evaluation for 1991 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.).

Accuracy: E Excellent accuracy. All replicates are within the range defined by the consensus
value calculated by NIST using exercise results plus or minus one standard
deviation.

G Good accuracy. The mean of the replicates is within the range defined by the
consensus value plus or minus one standard deviation, but one or more of the
replicates is outside.

L Low results. The mean of the replicates is lower than the defined range.

L- Results lower than -30% of the lower limit of the defined range.

H High results. The mean of the replicates is larger than the defined range.

H+ Results higher than +30% of the higher limit of the defined range.

Precision: G Good precision. The intralaboratory precision is within the following criteria for
various analyte concentrations: Concentration >50 ng/g, expected RSD +10%;
concentration >20 - <50 ng/g, expected RSD +20%; and concentration <20 ng/g,
expected RSD 1$40%

X The intralaboratory precision is not within the criteria described above.

- No results or a "less than" value submitted.

Tissue Control Material Bivalve Extract Il
(QA90TC) (QA91BE2)

Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU

PAHs

Naphthalene H

2-Methylnaphthalene

1-Methylnaphthalene

Biphenyl

2,6-Dimethylnaphthalene

Acenaphthylene

Acenaphthene

1,6,7-Trimethylnaphthalene
Fluorene

Phenanthrene
Anthracene
1-Methylphenanthrene
Fiuoranthene

Pyrene
Benz[a]anthracene
Chrysene
Benzofluoranthenes
Benzo[e]pyrene
Benzo[a]pyrene
Perylene
indeno[1,2,3-cd]pyrene
Dibenz[a,h]anthracene
Benzo[ghilperylene
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Table 17. Laboratory performance evaluation for 1991 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.) (cont).

Tissue Control Material Bivalve Extract |l
(QA90TC) (QA91BE2)

Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU

IR (A E 10

PCBs

PCB 8
PCB 18
PCB 28
PCB 44
PCB 52
PCB 66
PCB 101
PCB 105
PCB 118
PCB 128
PCB 138
PCB 153
PCB 170
PCB 180
PCB 187
PCB 195
PCB 206
PCB 209
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Chlorinated pesticides

2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4,4'-DDE
4,4'-DDT

Aldrin
cis-Chlordane
Dieidrin
gamma-HCH
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Mirex
trans-Nonachior
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BATTELLE NWFSC TAMU

QA90TC QA91BE2 QA90TC QA91BE2 QA90TC QA91BE2
Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.

EHE Hn

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
1,6,7-Trimethylnaphthalene

%

24

Fluorene

|

Phenanthrene

Anthracene

NEENEENEEN

SEEEEENEEESS ENNEEEEEEEN

1-Methylphenanthrene

Fluoranthene
Pyrene
Benz[ajanthracene

Chrysene

Benzofluoranthenes

Benzo[e]pyrene

Benzo[a]pyrene
Perylene
Indeno{1,2,3-cd]pyrene
Dibenz[a,hjanthracene

Benzo[ghilperylene

BEEEENEEEENE EBEEENEEECEEEEN
EEEEENEESENEE BNEEEEEEEEEN
EECEENNENEGEE CENDEEEEEREA

EEEEECEEEEE ENCEEEEEEEN
EEEEEESEEEE EEENEEEEESERE
EEENESESEEEE EEEEEEEEENNE
EEEEEEEEENENE EENEEEEEEER

EEEEENEENER

|
&
|
|

Accuracy Precision

Excellent accuracy. . Good precision. RSD varies from 5% to
+40% depending on concentration ranges.
Good accuracy. One or more replicates outside range,

mean is within. Poor precision.
Low results. Mean is below range.

High results. Mean is above range.

Figure 69. 1991 PAH determination performance evaluation.
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BATTELLE

PCBs8
PCB 18
PCB 28
PCB 44
PCB 52
PCB 66
PCB 101
PCB 105
PCB 118
PCB 128
PCB 138
PCB 153
PCB 170
PCB 180
PCB 187
PCB 195
PCB 206
PCB 209

BEAEENIEEREEEEaR
EEEESEEEEEEEENER

*

EEEEEECEONENEEEEEN
EEEEEENEEEEENEEEEN

Accuracy
Excellent accuracy.

mean is within.
Low results. Mean is below range.

HENEN

High results. Mean is above range.

Figure 70. 1991 PCB determination performance evaluation (* - Consensus value low and standard deviation

*

EEEECENEEEREEEEEERRA
ENEEEEEEEEENEEEEEN

NWFSC

QA90TC QA91BE2 QAS90TC QA91BE2 QAS0TC QA91BE2
Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.

Good accuracy. One or more replicates outside range,

TAMU
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EE EE EN
EE 2@ ENR
EE EE EN
EE EHE ER
EE EHER BN
EE EER EBHE
EE EE EBN
EN EE EN
EE EN EBR
ZEl 2l BN
EE EEN EHNR
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Precision

. Good precision. RSD varies from +5% to

A

+40% depending on concentration ranges.

Poor precision.

high, so lower limit of accepted concentration range is negative.).
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BATTELLE NWFSC TAMU

QA90TC QA91BE2 QA90TC QA91BE2 QA90TC QA91BE2
Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.

2,4-DDD H EER BN EE BN |
2,4-DDE N HE B Zn
2,4-DDT *EIH HER *EEH BN N
4,4-DDD HE B EER B R EER EHNE
4,4-DDE HEE EE EN | H EN
4,4-D0T EE E N EE BN EE BN
Aldrin H N
cis-Chiordane EN EH ENE EBEER ZHNH BN
Dieldrin BEE BN HE EE ENE HN
gamma-HCH 5 . . . % .
Heptachlor . . . . . .
Heptachlor epoxide E - H [ ]
Hexachlorobenzene [ [l BE B R H B
Mirex EE ENR [ HE
trans-Nonachlor HE B R BEE BB z8 BN N |
Accuracy Precision
Excellent accuracy. . Good precision. RSD varies from 5% to
Good accuracy. One or more replicates outside range, +40% depending on concentration ranges.
mean is within. /] Poor precision.

Low results. Mean is below range.

High results. Mean is above range.

Figure 71. 1991 Chlorinated pesticides determination performance evaluation (* - Consensus value low and
standard deviation high so lower limit of accepted concentration range is negative.).
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limits of the analytical method used by that laboratory. Overall, the PAH analyses results were
good. All results were within +35% of the concentration range defined by plus or minus one
standard deviation of the consensus value, except for the naphthalene results reported by
NWFSC for the Bivalve Extract Il (QA91BE2).

The results of the PCB congener analyses are shown in Figure 70. The consensus value
calculated for PCB 206 for the Tissue Control Material Il (QC90TC) was low and standard
deviation high, so the lower limit of the accepted concentration range was negative. Several
laboratories reported no values or values below the MDLs for several congeners. Many
BATTELLE results were high for both materials in the 1991 exercise. The results reported by
NWFSC were high for the Tissue Control Material Ill. Those reported by TAMU for the same
material were low. All results were within £35% of the NS&T concentration range defined by
plus or minus one standard deviation of the consensus value, except for the PCB 66 results
reported by NWFSC for the Tissue Control Material 11l (QC90TC).

The results of the chlorinated pesticide analyses are shown in Figure 71. The concentrations of
these compounds in the exercise materials were low, and the lower limit of the concentration
range defined by plus or minus one standard deviation was negative. The results reported by
TAMU for 2,4'-DDD and gamma-HCH for the Tissue Control Material Ill, and for 2,4'-DDD for
the Bivalve Extract || were outside the NS&T +35% of the concentration range.

The overall precisions of the triplicate extraction analyses were very good.

5.2. 1992 Exercise

The 1992 trace organic intercomparison exercise was also organized by NIST. The materials
used were prepared by NIST and were Marine Sediment (Il (QA92SED3) and Mussel Tissue IV
Homogenate (QA92TIS4). The NS&T cooperating laboratories again were NWFSC, BATTELLE,
and TAMU. Marine Sediment lll was sent to 30 other laboratories and Mussel Tissue IV
Homogenate to 29.

Results were received from 16 laboratories, in addition to the NS&T cooperating laboratories.
A sediment was chosen for the exercise since none had been used since 1987. The results of the
NS&T cooperating laboratories are listed in Appendix V.

5.2.1. Description of materials and exercise

Marine Sediment |lIl was a wetted marine sediment prepared using candidate SRM 1941a and
water (NIST, 1992 and 1993a). The material was issued wet to more closely match the matrix
analyzed by the laboratories. This material was uncharacterized prior to its use for the 1992
exercise. NIST certified and noncertified values became available about a year later (NIST,
1994a). The sediment for candidate SRM 1941a was collected in the Chesapeake Bay near the
Francis Scott Key Bridge using a modified Van Veen-type grab sampler with the assistance of
NOAA. The sediment was stored in Teflon-lined containers at approximately 5°C until the
material was freeze dried. The material was then sieved and the -60 to +100 (250 - 149 um)
mesh fraction was collected, blended, and radiation sterilized. The resulting material was
homogenized and bottled, with the exception of the material needed for Marine Sediment Ili,
which was stored in bulk in a Teflon-lined container. Exactly 8.00 g of the marine sediment
were weighed into each glass bottle, and approximately 4 days before shipment of the sample
to the various laboratories, 9.02 + 0.02 g of water were added to each tared bottle. The
masses of sediment and of the water in each bottle were accurately recorded. Trials showed
that 9 g of water could moisten 8 g of sediment and only a very small amount of water was
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observed on top of the sediment sample. Each bottle of material was stored at -80°C until
shipped in dry ice to participants.

The mussels used for the Mussel Tissue IV Homogenate (QA92TIS4) were collected at
Dorchester Bay, MA, by NOAA personnel in conjunction with Battelle New England (NIST,
1993b and 1993c). The mussels were shucked and cryogenically homogenized and stored in a
teflon bag in a liquid nitrogen freezer at NIST. Approximately 15-20 g (wet wt.) portions of the
mussel homogenate were aliquoted into precooled bottles. All subsequent manipulations of the
bottles were performed in the liquid nitrogen freezer to avoid warming of the samples. The
bottles were stored at -80°C until shipment on dry ice via overnight delivery to the
participating laboratories. As for the 1991 exercise, each laboratory received three ampoules
or jars of each unknown, and were asked to extract the materials and perform triplicate
injections from a sample from one of the ampoules or jars, and single injections from the other
two. Two ampoules each of concentrated PCBs (SRM 2262), pesticides (SRM 2261), and PAHs
(SRM 2260) calibration solutions were also sent to each participant analyzing the Marine
Sediment [ll, and only of SRM 2262 to those analyzing the Mussel Tissue IV Homogenate. A
computer diskette with appropriate files accompanied the samples to facilitate data reporting.

Several sets of coeluting or unresolved PAHs and PCBs were noted by NIST. These were:
chrysene and triphenylene; benzo[b]fluoranthene, benzo[jfluoranthene, and benzo[k]fluor=-
anthene; dibenz[a, hjanthracene and dibenz[a,c]anthracene; PCB 66 and PCB 95; PCB 101 and
PCB 90; PCB 138, PCB 163, and PCB 164; PCB 170 and PCB 190; and PCB 187 and PCB 182.
Coelution and lack of resolution in chromatography are functions of gas chromatographic
analytical conditions, such as column type and size, and oven temperatures. Some of these
coeluting or unresolved analytes may also have occurred during analyses by the cooperating
laboratories. Some matrix interferences were noted during the exercises.

5.2.2. Consensus values

Consensus values were calculated as described in Section 5.1.2.
5.2.3. Results

5.2.3.1. Marine Sediment Il (QA92SED3)

The results of the Marine Sediment |ll (QA92SED3) intercomparison exercise are shown
graphically in Figures 72 - 77. The results of analyses of the 2- and 3-ring PAHs (low
molecular weight) and the 4- and 5-ring (high molecular weight) PAHs are shown graphically in
Figures 72 and 73. The compounds in each of these classes of PAHs are listed in Table 13. As
before, the dotted line is the range defined by plus or minus one standard deviation of the
consensus value, and the dashed line is £t35% of the high and low limits of the consensus value
range. With few exceptions, the results of all NS&T laboratories were within the specified
range, and most were within the smaller range of plus or minus one standard deviation of the
consensus value.

The results of the NS&T cooperating laboratories PCB congener determinations are shown in
Figure 74. Several laboratories reported values below their MDLs. The results reported by
BATTELLE for PCBs 8 and 118, by TAMU for PCB 128 and by NWFSC for PCB 170/190, were
higher than the NS&T limit of acceptability. The rest of the results were mostly within plus or
minus one standard deviation of the consensus value.
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Figure 72. 1992 Marine Sediment Ill (QA92SED3) intercomparison exercise results of low molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 73. 1992 Marine Sediment Ill (QA92SED3) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this

range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 75. 1992 Marine Sediment Il (QA92SEDS3) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
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Figure 76. 1992 Marine Sediment Ill (QA92SED3) intercomparison exercise results of cyclopentadiene
pesticide analyses of three samples (Solid line is the consensus value calculated by NIST using exercise
results. Dotted line is the range defined as plus or minus one standard deviation of the consensus value.
The dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry

wt.).
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Figure 77. 1992 Marine Sediment Il (QA92SED3) intercomparison exercise results of gamma-HCH and
hexachlorobenzene analyses of three samples (Solid line is the consensus value calculated by NIST using
exercise results. Dotted line is the range defined as plus or minus one standard deviation of the consensus

value. The dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.)
(ng/g dry wt.).

The results for DDT and metabolites are shown in Figure 75. The levels of these compounds in
the Marine Sediment |ll material were low and several laboratories reported values below their
MDLs. Good results were obtained for 4,4'-DDD and 4,4'-DDE, except for a low mean reported
by BATTELLE for 4,4'-DDD. The results reported by TAMU for 2,4'-DDD were within plus or
minus one standard deviation of the consensus value. The mean reported by BATTELLE was high,
and that reported for NWFSC below the MDL. The results of the analyses of the cyclopentadiene
pesticides are shown in Figure 76. The results reported for cis-chlordane and dieldrin were
good. All laboratories reported values below the MDLs for aldrin and heptachlor, and some also
reported non-detectable concentrations for heptachlor epoxide and trans-nonachlor. Values
below the MDLs were reported for gamma-HCH and no conclusions could be made (Figure 77).
The values reported for hexachlorobenzene were good, although the TAMU results were slightly
low. The results of the analyses of the DDT and metabolites and the chlorinated pesticides were
difficult to judge since the levels of these compounds in the exercise material were low.

The ratios of the analytically determined mean values to those of the consensus values are
shown in Figures 78 - 80 and these are indicative of bias. The order of the analytes is the same
as that in Appendix V. The results for BATTELLE and NWFSC for the PAHs are mostly biased
high (Figure 78). TAMU had little bias or error for the PAHs except for the results of 2,6-
dimethyinaphthalene and 1,6,7-trimethylnaphthalene analyses. The ratios of the PCB analyses
are shown in Figure 79. Most of the NWFSC results are biased high. The levels of chlorinated
pesticides in the Marine Sediment Ill were very low and the participating laboratories reported
values below the MDLs for many analytes (Figure 80). BATTELLE results appear to be biased
high.
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Appendix V. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
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Figure 79. 1992 Marine Sediment Il (QA92SED3) intercomparison exercise PCB congener ratios of
analytically determined mean value of three samples to consensus value (Order of analytes same as in
Table V.1, Appendix V. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or
not submitted.).
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Figure 80. 1992 Marine Sediment Il (QA92SED3) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table V.1,
Appendix V. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).

5.2.3.2. Mussel Tissue IV Homogenate (QA92T1S4)

The results of the Mussel Tissue IV Homogenate (QA92TIS4) are shown in Figures 81 to 86. The
results of analyses of the 2- and 3-ring PAHs (low molecular weight) and the 4- and 5-ring
(high molecular weight) PAHs are shown graphically in Figures 81 and 82. As for previous
exercises, the PAH results are mostly within the range defined as plus or minus one standard
deviation of the consensus value. Larger variations in performance were observed for the PCB
analyses (Figure 83). The results submitted by NWFSC were consistently high. NWFSC later
determined that the high results were a result of a problem with the standard used to calculate
the concentrations. The overall precision and accuracy decreased for PCBs 170/190, 180,
195, and 209, that are present in low concentrations in this material. The results for DDT and
metabolites are shown in Figure 84. The standard deviations of the NIST-calculated consensus
values were high for this material. With the exception of the TAMU result for 2,4'-DDD, all
mean results were within the range defined as plus or minus one standard deviation of the
consensus value. The same observation generally applies for the cyclopentadiene pesticides
(Figure 85). TAMU reported low results for cis-chlordane, and BATTELLE high results for
dieldrin. The consensus values calculated for heptachlor and heptachlor epoxide were low and
standard deviations high, so the lower limits of the accepted concentration ranges are negative.
The results for three other low-level chlorinated pesticides are shown in Figure 86. The levels
of gamma-HCH and hexachlorobenzene were very low and the standard deviations of the
consensus values high. The means of the results for mirex were within the range defined as
plus or minus one standard deviation of the consensus value.

The ratios of the analytically determined mean values to those of the consensus values were
again used as indicators of bias and are shown in Figures 87 - 89. NWFSC results are mostly
low. No other clear bias could be observed in the PAH analyses results (Figure 87). The results
submitted by NWFSC for PCBs were biased high (Figure 88). No clear bias trends could be
determined for the other PCB analyses or for the chlorinated pesticides except for the TAMU
results for pesticides which are mostly low (Figure 89).
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Figure 81. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of low molecular weight PAHs
(Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).

82

1 T

L T 1

e



1000 T

100 -

Concentration (ng/g dry wt.)

10
o) b= 2 = W o) = o) b= 2 = 2
g8z 94lF uils ggd: Eglz Bil:
s “EzF “EzF TE3F Es E3
3 3 3 3 3 3
Fluoranthene Pyrene Benz[ajanthracene Chrysene + Benzofluoranthenes Benzo[ejpyrene
triphenylene
1000 @ Values <MDLs
or not reported
100 T+

Concentration (ng/g dry wt.)

1+
®e
0.1
2 2 = 2 = 2 = 2
583 8Bz 9jf3 &3g3 gjgs
- E - = § - g - E E -
3 3 & 3 3
Benzo[a]pyrene Perylene Indeno[1,2,3-cd]= Dibenz= Benzo[ghil=
pyrene anthracenes perylene
Compound

Figure 82. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 83. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of PCB congener analyses of
three samples (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is
the range defined as plus or minus one standard deviation of the consensus value. The dashed line is +35%
of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 85. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise results of cyclopentadiene pesticide
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NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus value. The dashed line is +t35% of this range. Circles indicate values below the MDLs or not
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Figure 87. 1992 Mussel Tissue IV (QA92TIS4) intercomparison exercise PAHs ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table V.1,
Appendix V. Dotted lines are +30% of consensus value. Circles indicate values beiow the MDLs or not
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5.2.4. Performance evaluation of NS&T laboratories

The accuracy and precision scale described in Section 4.1.4 was used to evaluate the
performance of the NS&T cooperating laboratories in the 1992 exercise. The results of this
evaluation is shown in Table 18. The same results are shown graphically in Figure 90 - 92. This
graphical presentation does not take into account the concentration of the analyte in the
exercise materials when compared to the MDLs of the participating laboratories. Typically, as
the analyte concentration approaches the MDL of a method, the error increases. The accuracy
of the PAH analyses were mixed with some results outside the accuracy criteria reported by
all three laboratories (Figure 90). High results for the PCB congener determinations were
reported by NMFSC for the Mussel Tissue IV (Figure 91). The evaluation of the results for the
chlorinated pesticides is shown in Figure 92. As for previous exercises, when the analyte
levels were low, the laboratories were unable to measure concentrations. The precision of the
results was good.

5.3. 1993 Exercise

The 1993 trace organic intercomparison exercise was organized by NIST. The materials used
were Mussel Tissue V (QA93TIS5) and Fish Homogenate | (QA93FSH1). The NS&T cooperating
laboratories were NWFSC, BATTELLE, and TAMU as in previous years. Materials were sent to
additional laboratories that participated on a voluntary basis. Mussel” Tissue V samples were
sent to 40 additional laboratories, 25 of which submitted results. Fish Homogenate | samples
were sent to 41 additional laboratories, 22 of which submitted results. The results are listed in
Appendix VI. In previous years, NIST participated in the intercomparison exercises primarily
as a participant, reporting the results of analysis of three samples obtained using one analytical
method. With the addition of a number of new laboratories to the QA Program and the use of
natural, unspiked matrix materials, the determination of the accepted concentrations became
more difficult. Therefore NIST analyzed the exercise materials using at least two methods

5.3.1. Description of materials and exercise

The Mussel Tissue V (QA93TIS5) was candidate SRM 1974a (NIST, 1994b). The material was
prepared using mussels (Mytilus edulis) collected in Dorchester Bay, Boston, MA. The mussels
were collected by hand during low tide, rinsed, stored in polyethylene bags, frozen, and shipped
to NIST. The mussels were subsequently shucked, cryogenically homogenized, and blended
following protocols of the NIST National Biomonitoring Specimen Bank. The blended, frozen
material was stored in Teflon bags in a liquid nitrogen freezer prior to bottling. Portions of
approximately 15 g (wet weight) of the mussel homogenate were aliquoted into pre-cooled
cleaned and labeled bottles. All manipulation was done in the liquid nitrogen freezer to avoid
warming of the homogenate or condensation in the frozen material. Approximately 400 bottles
of the homogenate were labeled as Mussel Tissue V.

The Fish Homogenate | (QA93FSH1) was NRC candidate carp CRM and the first fish matrix to be
used as part of the NS&T intercomparison exercises. Ampoules of the candidate carp CRM were
purchased by NIST from NRC. The carp were harvested in Saginaw Bay, Lake Huron. The carp
were comminuted and high-pressure homogenized. A small amount of water was added to raise
the moisture content to 85%, and ethoxyquin (0.02%) was added to this slurry as an
antioxidant. The material was dispensed into ampoules, sealed, and heated for a short time at
121°C to destroy the enzyme that promotes rancidity. Each ampoule contained approximately 9
g wet weight of the carp homogenate. The material was relabeled and shipped to the exercise
participants.
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Table 18. Laboratory performance evaluation for 1992 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.).

Accuracy: E Excellent accuracy. All replicates are within the range defined by the consensus
value calculated by NIST using exercise results plus or minus one standard
deviation.

G Good accuracy. The mean of the replicates is within the range defined by the
consensus value plus or minus one standard deviation, but one or more of the
replicates is outside.

L Low results. The mean of the replicates is lower than the defined range.

L- Results lower than -30% of the lower limit of the defined range.

H High results. The mean of the replicates is larger than the defined range.

H+ Results higher than +30% of the higher limit of the defined range.

Precision: G Good precision. The intralaboratory precision is within the following criteria for
various analyte concentrations: Concentration >50 ng/g, expected RSD +10%;
concentration >20 - <50 ng/g, expected RSD +20%; and concentration <20 ng/g,
expected RSD +40%.

X The intralaboratory precision is not within the criteria described above.

- No results or a "less than" value submitted.

Marine Sediment Il Mussel Tissue IV
QA92SED3) (QA92TIS4)

Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU

PAHs

Naphthalene E G E G E G H G - - E G

2-Methylnaphthalene E G E X E G E G G G E G

1-Methylnaphthalene E G E X G G H G G G E G

Biphenyl E G E X E G H X L G E G

2,6-Dimethylnaphthalene E G - - H G E G E G E X

Acenaphthylene E G - - E X H G E G E G

Acenaphthene E G - - E G G G G G G G

1,6,7-Trimethylnaphthaiene E G - - E X L G E G E G

Fluorene E G E X E G E G G G G G

Phenanthrene E G E G E G E G G G G G

Anthracene L X E G E X E G E G E G

1-Methylphenanthrene E G G X E G G G E G E G

Fluoranthene E G E G E G E G E G G G

Pyrene E G E G E G E G E G G G

Benz[a]anthracene E G H G G X E G E G E G

Chrysene + triphenylene E G H G E X E G E G E G

Benzofluoranthenes E G H G E G E G G G E G

Benzo[e]pyrene E G E G E X E G L G E G

Benzo[a]pyrene H X G G E X G G G G E G

Perylene E X G X E X E G E G E G

Indeno[1,2,3-cd]pyrene E G E G E G H G G G E G

Dibenzanthracenes E G E X E X - - E G E G

Benzo[ghi]perylene E G E G E X E G G X E G
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Table 18. Laboratory performance evaluation for 1992 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.) (cont.).

Marine Sediment Il Mussel Tissue |V
QA92SED3) (QA92TIS4)

Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU

T

PCB congeners

PCB 8 H+ G - - E G E G - - E G
PCB 18 - - - - E G E G H G E G
PCB 28 L G H G E G E G H G E G
PCB 44 EG H+ G E G EG H+ G E G
PCB 52 E G H G E G E X H+ G E G
PCB 66/95 E G G G E G E G H G E G
PCB 101/90 E G H G E G G G H G E G
PCB 105 - - E G E G E G H G G G
PCB 118 H+ G H G E G E G H G E G
PCB 128 E G E G H+ G - - H+ G E G
PCB 138/163/164 L G E G E G E G H G E G
PCB 153 E G H G E G EG H+ G E G
PCB 170/190 E G E G H+ G G G H+ G - -
PCB 180 G G E G E G LG H+ G H+ G
PCB 187/182 E G E G E G EG H+ G E G
PCB 195 E G E G H G - - E G - -
PCB 206 E G E G E G - - - - - -
PCB 209 G G E G G G - - H+ G E G
Chiorinated pesticides

2,4'-DDD - - - - - - E G G G L G
2,4'-DDE - - - - - - G G E G - -
2,4'-DDT - - - - - - E G - - E G
4,4'-DDD L G E G E G E G E G E G
4,4'-DDE E G E G E G G G G G G G
4,4'-DDT E G E G E G H G E G E G
Aldrin - - - - - - - - E G G G
cis-Chlordane E G E G E G E G G G L- G
Dieldrin G G E G G G H+ G E G E G
gamma-HCH E G - - - - - - - - E G
Heptachlor - - - - - - E G E G - -
Heptachlor epoxide G G - - H G E G - - E G
Hexachlorobenzene E G E G E G - - - - E G
Mirex - - - - - - H X E G E G
trans-Nonachlor - - - - - - E G H G E G
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BATTELLE NWFSC TAMU
QA92SED3 QA92TIS4 QA92SED3 QA92TIS4 QA92SED3 QA92TIS4

Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.
Naphthalene N E EE EE N
2-Methyinaphthalene EE BB B EEl EE BB
1-Methyinaphthalene EE EH N EN EE B BR
Biphenyl HEE B H HE EHEH B E
26-Dimethyinaphthalene I Bl H B | | EE B
Acenaphthylene EE BN HE B HE
Acenaphthene EE EN EN EE BB
1,6,7-Trimethyinaphthalene i [l | HE B E R
Fluorene BE R B R 17 E B B E B R
Phenanthrene EE BN HE EN EN BN
Anthracene HE HE EE = B R
1-Methylphenanthrene H B [ | HE EE EE
Fluoranthene EE B E H B E BB
Pyrene EE BN E EE BN |
Benz{alanthracene EE EHE E BN E B
Chrysene +tiphenylene Il 1 W E BB B HE
Benzofluoranthenes HBEE BB H BN EE EN
Benzo{elpyrene EE EN | H B HE
Benzolalpyrene E3 E N [ | H B HE
Perylene EZ EHHE EE EZ HHE
Indenc{123-cdpyrene |l Il [ W H EE EHEH EN
Dibenz{a,hjanthracene HE EE B E B
Benzo[ghiperylene EE BN N BEZ HNR
Accuracy Precision
W Excolontaccuracy. B Gond preckion. RSD varis from 25% 0
! Good accuracy. One or more replicates outside range, N
mean is within. 71 Poor precision.
Low results. Mean is below range.
Ef] High results. Mean is above range.

Figure 90. 1992 PAH determination performance evaluation.
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BATTELLE NWFSC TAMU

QA92SED3 QA92TIS4 QA92SED3 QA92TIS4 QA92SED3 QA92TIS4
Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.

PcB S BN EE EE EN =
PCB 18 n N BN EE HEN
pPcB 28 H ER BN E EN BN
PCB 44 EEN BN 5EH BB EHE EBR
PCB 52 EE B AR BN EE BEE
PCB 66/195 EEH EERE EN EN ENER ER
PCB 101/80 EE BEE EN BN EE ER :
PCB 105 EE EN BN BN BN =
PCB 118 ENl BN EN ER EER BN
PCB 128 EE EE EEN BB BN HNR =
PCB 138/163/164 [ ] BEd B ENE EH
PCB 153 EE EE EH EN EE HEN -
pcai7onso I W E BN H BEN
PCB 180 E N E EE EN EER ON
pceieziec I HE HNE HE HE EBNR _
PCB 195 N EEEE BN )
PCB 206 HE R H N
PCB 209 | ENxxE ON BN
Accuracy Precision
Il Excellent accuracy. B Good precision. RSD varies from 5% to
- Good accuracy. One or more replicates outside range, #40% dopending on concentration ranges.
mean Is within. Poor precision.
Low results. Mean Is below range.
E5] High resutts. Mean is above range.

Figure 91. 1992 PCB determination performance evaluation (* - Consensus value low and standard deviation
high so lower limit of accepted concentration range is negative.).
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BATTELLE NWFSC TAMU

QA92SED3 QA92TIS4 QA92SED3 QA92TIS4 QA92SED3 QA92TIS4
Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec. Acc. Prec.

2,4-DDD H B B

Wi

2,4-DDE E N HE

2,4-D0T N HE

4,4-DDD H EEH BN EE ENE EBN

4,4-DDE EE EN ENE BHE EER BN

4,4-0DT BN HE H BN

Aldrin | N B u 3
cis-Chlordane BN BN ENR EEN EBE [ :
Dieldrin EN ENH EE BN EENE EE

gamma-HCH *H B HE z
Heptachlor *H N *H N

Heptachlor epoxide H «xH B EE xH B "
Hexachlorobenzene - . . . . - *. .

Mirex & H N H N

trans-Nonachlor H B <l | HEB =
Accuracy Precision

Excellent accuracy. . Good precision. RSD varies from 5% to

+40% depending on concentration ranges.
Good accuracy. One or more replicates outside range,

mean is within. Poor precision.
Low resuits. Mean is below range.

High results. Mean Iis above range.

Figure 92. 1992 Chlorinated pesticides determination performance evaluation (No consensus values could
be calculated for 2,2'-DDT, aldrin, heptachlor, or mirex.) (* - Consensus value low and standard deviation £
high so lower limit of accepted concentration range is negative.). -
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Each laboratory received three ampoules or jars of each unknown, and were asked to extract
the materials and perform triplicate injections of the extract of one sample, and single
injections of the other two. Two ampoules of concentraied PCB solution (candidate SRM 2262)
were also sent to each participant. As for previous exercises, a computer diskette with
appropriate files accompanied the samples to facilitate data reporting. The analytes determined
are the organic compounds listed in Table 1.

5.3.2. Consensus values

The consensus values were calculated as described in Section 5.1.2. In addition, NIST analyzed
the exercise materials using two different analytical methods in order to obtain reference
values for comparison.

5.8.3. Results
5.3.3.1. Mussel Tissue V (QA93TIS5)

The results of determinations of the 2- and 3-ring PAHs (low molecular weight) and the 4- and
5-ring (high molecular weight) PAHs by the NS&T cooperating laboratories are shown
graphically in Figures 93 and 94, respectively. The results of the laboratories were within the
NS&T specified range, and most were within the smaller range defined as plus or minus one
standard deviation of the consensus value. BATTELLE reported several concentrations as below
the MDLs. The results of the PCB analyses are shown in Figure 95. All laboratories reported
results for some PCB congeners that were higher than the consensus values plus or minus one
standard deviation. The results submitted by BATTELLE for PCB 180 and by NWFSC for PCB
170/190 were higher than the NS&T limit of acceptability. The differences between the
consensus values and the two reported means for these analytes were not very large and
within reasonable analytical error for low concentration ranges. BATTELLE results were high
for the low chlorination PCB congeners (PCBs 8 through PCB 105). The results for the DDT and
metabolites analyses for the Mussel Tissue V are shown in Figure 96. The levels of some of
these compounds were low and the accuracy and precision of the analyses were low. The levels
of 4,4'-DDD and 4,4'-DDE were the highest of this group of analytes and the results for these
were within the range defined by plus or minus one standard deviation of the consensus value.
The levels of the cyclopentadiene pesticides were also low and one or more of the laboratories
reported values below the MDLs for aldrin, heptachlor, and heptachlor epoxide (Figure 97).
Except for the results submitted by NWFSC for cis-chlordane, the results submitted for cis-
chlordane, dieldrin and trans-nonachior were within acceptable limits. The levels of gamma-
HCH, hexachlorobenzene and mirex were low and several values below the MDLs were reported
by the laboratories (Figure 98). The means reported for these three compounds, however,
were within the limits of acceptability.

The ratios of the analytically determined mean values to those of the consensus values are
shown in Figure 99 - 101. The order of the analytes is the same as those in Appendix VI.
BATTELLE results for the high molecular weight PAHs were biased high. TAMU results for the
low molecular weight PAHs are biased high, and those for the high molecular weight PAHs low
(Figure 99). No other pattern in the bias distribution could be found. The ratios for the PCB
congeners are shown in Figure 100 and the results for BATTELLE and NWFSC are biased high. No
obvious pattern could be found in the bias of the chlorinated pesticides (Figure 101).
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Figure 93. 1993 Mussel Tissue V (QA93TISS5) intercomparison exercise results of low molecular weight PAHs
(Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 94. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise results of high molecular weight
PAHs (Solid line is the consensus value calculated by NIST using exercise results. Dotted line is the range
defined as plus or minus one standard deviation of the consensus value. The dashed line is +35% of this
range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 95. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise results of PCB congener analyses of
three samples (Solid line is the consensus value caiculated by NIST using exercise resuits. Dotted line is
the range defined as plus or minus one standard deviation of the consensus value. The dashed line is £35%
of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry wt.).
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Figure 96. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
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Figure 97. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise results of cyclopentadiene pesticide
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise resuilts.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g dry
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Figure 98. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise results of gamma-HCH, =

hexachlorobenzene, and mirex analyses of three samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus value. The dashed line is +35% of this range. Circles indicate values below the MDLs or not
submitted. Consensus value for gamma-HCH was low and the standard deviation high so lower limit of
acceptability range is negative.) (ng/g dry wt.).
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Figure 99. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise PAHs ratios of analytically
determined mean value of three samples to consensus value (Order of analytes samie as in Table VI.1,
Appendix VI. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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Figure 100. 1993 Mussel Tissue V (QA92TISS5) intercomparison exercise PCB congener ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table Vi.1,
Appendix VI. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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Figure 101. 1993 Mussel Tissue V (QA93TIS5) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table Vi.1,
Appendix VI. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).
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5.3.3.2. Fish Homogenate | (QA93FSH1)

The results of the intercomparison exercise are shown graphically in Figures 102 - 105. The
levels of PAHs in fish flesh are extremely low due to metabolism of the compounds. Therefore,
analysis of these compounds in the Fish Homogenate was not required. The concentrations of
PCBs and pesticides for the Fish Homogenate | were reported on a wet weight basis, hence the
PCB concentrations are 3 to 60 times higher than those found in the Mussel Tissue V material,
and the pesticides are 3 to 15 times, and up to 100, higher in the Fish Homogenate than in the
mussel material. The Mussei Tissue V concentrations were reported on a dry weight basis.
Despite the differeance in concentration, the relative percent standard deviation of the
consensus means were similar for both materials.

The results for the analyses of PCBs are shown in Figure 102. The results submitted by
BATTELLE are high for the low chlorination level congeners (PCB 8, 18, 28, 44, 52, 66/95,
101/90, and 105). Some of these results are above the NS&T limit of acceptability defined as
+35% of the high and low limits of the consensus value range. The means submitted by NWFSC
for PCBs 206 and 209 were above the NS&T limit of acceptability. The resuits of the DDT and
metabolites analyses are shown in Figure 103. The results reported by NWFSC and BATTELLE
for 2,4'-DDD were good, although the BATTELLE results were slightly low. The TAMU results
were below the NS&T limit of acceptability. The results for 4,4'-DDD and 4,4'-DDE were good
for NWFSC and TAMU. The BATTELLE results were slightly high for 4,4'-DDD and outside the
upper NS&T limit of acceptability for 4,4'-DDE. BATTELLE results for 2,4'-DDE were very
high. The results of the cyclopentadiene compounds are shown in Figure 104. All three
laboratories reported values below the MDLs for aldrin and heptachlor. The standard deviation
of the consensus values of heptachlor epoxide and trans-nonachlor were high, so the lower
limits of the accepted concentration range are negative. Overall, the results were good
considering the analyte levels in the exercise material. The results of the analyses of gamma-
HCH, hexachlorobenzene, and mirex are shown in Figure 105. The results were good.

The ratios of the analytically determined mean values to those of the consensus values were
again used as indicators of bias and are shown in Figures 106 and 107. The BATTELLE results
for the low chlorination ievel PCB congeners are biased high. The results reported by NWFSC
for the high chlorination level PCBs are biased slightly high. No clear bias could be observed for
the TAMU results. No clear biases could be discerned from the pesticide results exercise
results (Figure 107).

5.3.4. Performance evaluation of NS&T laboratories

The accuracy and precision scale described in Section 4.1.4 was used to evaluate the
performance of the NS&T cooperating laboratories in the 1993 exercise. The results of this
evaluation are shown in Table 19. The same results are shown graphically in Figures 108 -
110. This graphical presentation does not take into account the concentration of the analytes in
the exercise materials when compared to the MDLs of the participating laboratories. Typically,
as the analyte concentration approaches the MDL of a method, the error increases. The results
of the PAH analyses were mixed (Figure 108). BATTELLE reported many values below the MDLs
and the accuracies of the results reported by the three laboratories were variable. This may
be, in part, the result of low analyte concentrations in the exercise materials. Many of the
BATTELLE PCB analyses results were high, some exceeding the NS&T limit of acceptability
(Figure 109). The results for NWFSC were high for the Mussel Tissue V and good for the Fish
Homogenate. The results for TAMU were good for both materials, but the precision could be
improved. The evaluation of the results for the chlorinated pesticides is shown in Figure 110.
The analyte levels in these materials were low and many laboratories were unable to measure
concentrations. It is difficult to make an overall assessment. The results of the analyses of
some analytes such as 2,4'-DDD, dieldrin, trans-nonachlor, cis-chlordane, and gamma-HCH
were good.
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Figure 102. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of PCB congener
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g wet
wt.).
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Figure 103. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of DDT and metabolite
analyses of three samples (Solid line is the consensus value calculated by NIST using exercise results.
Dotted line is the range defined as plus or minus one standard deviation of the consensus value. The
dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g wet
wt.).
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Figure 104. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of cyclopentadiene
pesticide analyses of three samples (Solid line is the consensus value calculated by NIST using exercise
results. Dotted line is the range defined as plus or minus one standard deviation of the consensus value.
The dashed line is +35% of this range. Circles indicate values below the MDLs or not submitted.) (ng/g wet
wt.).
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Figure 105. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise results of gamma-HCH,
hexachlorobenzene and mirex analyses of three samples (Solid line is the consensus value calculated by
NIST using exercise results. Dotted line is the range defined as plus or minus one standard deviation of the
consensus value. The dashed line is +35% of this range. Circles indicate values below the MDLs or not

submitted.) (ng/g wet wt.).
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Figure 106. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise PCB congener ratios of
analytically determined mean value of three samples to consensus value (Order of analytes same as in

Table V1.2, Appendix VI. Dotted lines are +30% of consensus value.). NA - Not available.
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Figure 107. 1993 Fish Homogenate | (QA93FSH1) intercomparison exercise pesticides ratios of analytically
determined mean value of three samples to consensus value (Order of analytes same as in Table VI.2
Appendix VI. Dotted lines are +30% of consensus value. Circles indicate values below the MDLs or not
submitted.).

5.4. Overall evaluations

5.4.1. HORRAT values

Horwitz (1993) observed that similar relative standard deviation (RSD) values are obtained for
similar analyte levels regardless of the nature of the analyte, matrix, or analytical method.
The Horwitz equation resulting from that emperical observation is:

RSD (predicted) = 2(1 - 0.5log C) - 2(C-0.1505

where C is the concentration expressed as a decimal fraction. The HORRAT value is the ratio of
the observed versus the predicted RSD,

RSDg (observed)
RSD (predicted) *

HORRAT =

An analytical procedure can be considered acceptable if the HORRAT values are less than 2.
This criteria has been adopted by the International Union of Pure and Applied Chemistry (IUPAC)
and is found in the harmonized protocol for the adoption of standardized analytical methods.
This is considered as acceptable precision of method performance among laboratories. Within-
laboratory precision is often one-half to two-thirds of these values.

To evaluate the precisions achieved by the NS&T cooperating laboratories, the predicted RSD's
were calculated for the results submitted by BATTELLE, NWFSC, and TAMU for PAHs, PCBs,
and chlorinated pesticides in Mussel Tissue IV (QA92TIS4) and compared to the observed RSDs.
Several of the other exercise materials contained very low levels of the analytes of interest
resulting in many results below the MDLs of the laboratories so these results could no be used
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Table 19. Laboratory performance evaluation for 1993 trace organic intercomparison exercise

(First letter is the evaluation of the accuracy and the second of the precision.).

Compound
PAHs

Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
1,6,7-Trimethylnaphthalene
Fluorene

Phenanthrene
Anthracene
1-Methylphenanthrene
Fluoranthene

Pyrene
Benz[a]anthracene
Chrysene + triphenylene
Benzofluoranthenes
Benzo[e]pyrene
Benzo[a]pyrene
Perylene
Indeno[1,2,3-cd]pyrene
Dibenzanthracenes
Benzo[ghilperylene

Chlorinated pesticides

2,4'-DDD
2,4'-DDE
2,4'-DDT
4,4'-DDD
4,4'-DDE
4,4'-DDT

Aldrin
cis-Chlordane
Dieldrin
gamma-HCH
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Mirex
trans-Nonachlor
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Table 19. Laboratory performance evaluation for 1993 trace organic intercomparison exercise
(First letter is the evaluation of the accuracy and the second of the precision.) (cont.).

Mussel Tissue V Fish Homogenate |
(QA93TIS5) (QA93FSH1)

Compound BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU
PCB congeners

PCB 8 H G - - L G H G - - L X
PCB 18 H G H G G G H+ G E G E G
PCB 28 H G H G E G H G E G E G
PCB 44 H G H G E G H+ G E G E G
PCB 52 H G H G E G H+ G E G G X
PCB 66/195 H G H G E G H G E G E X
PCB 101/90 H G G G E G H+ G E G G X
PCB 105 H+ G E G E X H G E G E X
PCB 118 E G H G E X H G E G E X
PCB 128 E G H G E G E G E G L G
PCB 138/163/164 E G E G E X G G E G E G
PCB 153 E G H G H X G G H G E G
PCB 170/190 E G H G - - E G H G E G
PCB 180 H+ G G G H G E G E G E G
PCB 187/182 E G H G E G E G E G E G
PCB 195 - - - - - - E G E G G G
PCB 206 - - - - - - EG H+ G E G
PCB 209 - - H G - - EG H+ G G G
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Naphthalene
2-Methyinaphthalene
1-Methyinaphthalene
Biphenyl
2,6-Dimethyinaphthalene
Acenaphthylene
Acenaphthene
1,6,7-Trimethyinaphthalene
Fluorene

Phenanthrene
Anthracene

1-Methylphenanthrene

Fluoranthene

Pyrene

BenZ alanthracene
Chrysene + triphenylene
Benzofluoranthenes
Benzo[e]pyrene
Benzola]pyrene
Perylene
Indeno[1,2,3-cdlpyrene
Dibenz{a,hjanthracene
Benzo[ghilperylene

Accuracy

mean is within.

Figure 108. 1883 PAH determination performance evaiuation (QA93FSH1 was not analyzed for PAHs.).
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Figure 109. 1993 PCB determination performance evaluation.
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BATTELLE NWFSC TAMU
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Figure 110. 1993 Chlorinated pesticides determination performance evaluation (* - Consensus value low and
standard deviation high so lower limit of accepted concentration range is negative.).
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Figure 111. Predicted and observed relative standard deviations of results submitted by BATTELLE, NWFSC
and TAMU for PAHs, PCBs and chlorinated pesticides in Mussel Tissue IV (QA92TIS4). (Predicted RSDg were

calculated using the Horwitz equation. Values below MDLs were removed from the data set prior to
calculations.).

in these calculations. In most instances, the NS&T observed RSD were lower than the predicted
RSD (Figure 111).

5.4.2. Z scores

Z scores can be used as an assessment of accuracy and are calculated using the formula,

(x - %)

Z =
S

where x is a laboratory concentration, X is the consensus mean concentration, and s is the
target standard deviation. For well-behaved analytical systems, the z scores are normally
distributed with a mean of zero, and the z scores will be outside |zl < 2 in about 5% of the cases
and outside Izl < 3 only in about 0.3%. When s is defined as 0.25 R, z scores, with due caution,
can be used to compare results among analytes, test materials, and methods. When the target
standard deviation is set to 0.25 X, the International Organization for Standardization (ISO)
(1993) guidelines suggest that z scores can be classified as follows:

lzl<2 Satisfactory
2<1zl <3 Questionable
Izl >3 Unsatisfactory
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Z scores were calculated for two of the exercises using the standard deviation of the consensus
value and 0.25 X as the target s's. The latter z scores are noted as 25% z scores in Appendix V
and VI. When using 0.25 X as the target s, the laboratory mean is <50% from the assigned value
when Izl < 2 (ISO, 1993). The laboratory mean is <75% from the assigned value when Izl > 3.

The 25% z scores calculated were for all possible cases and are listed in the Appendices. No z
scores were analyzed for values reported as below the MDL.

An example of the distribution of the 25% 2z scores is shown in Figure 112 using the 1992
Mussel Tissue IV (QA92TIS4) exercise results for all analytes. Values Izl > 3 are not shown in
the figure. Values Izl < 2 are considered satisfactory. BATTELLE z scores were mostly within
the acceptable range, only 7 results are outside. There were many z scores for NWFSC above
2, indicating high results. There were 6 TAMU z scores less than -2, and two above three. The
observations of the z scores distribution are similar to those of the ratios of the analytically
determined values to the consensus values (Figures 87 - 89).

The ISO classification and summary of z scores for the trace inorganic and organic
intercomparison exercises are summarized in Tables 20 and 21. All the z scores for the
inorganic intercomparison exercises were in the acceptable range, except for the results of
BATTELLE for Fish Q. More than 80% of the z scores of the trace organic intercomparison
exercises for all three laboratories were within the satisfactory range (Table 21). The
percentages of the z scores that were within the satisfactory range for the NWFSC results for
the Tissue Control Material 11l (QCTC80) and for the Mussel Tissue IV Homogenate (QA92TIS4)
were 74% and 69%, respectively. Considering the difficulties in analyses, it is encouraging
that most results were in the satisfactory range.

6. CONCLUSIONS

The NS&T QA Project is an essential part of the NS&T Program as it ensures data quality,
documents the performance of the laboratories and ensures a continued high level of
performance. The level of analytical performance for the trace metal intercomparison
exercises is good, although problems are still encountered in the analyses of some elements.
There are still problems in the analyses of some organic compounds. Some of these problems
are related to analytical limitations, such as coelution of compounds and others to the low
levels of analytes present in the exercise materials. Overall, the performance of the NS&T
cooperating laboratories continues to be acceptable as evidenced by the results of these
exercises.
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Table 20. ISO classification and summary of z scores for inorganic intercomparison exercises.

Basic statistics

and percent of

results in each
category

Mean z score
Minimum
Maximum

n

lzl<2
2<lzl <3
1zl >3

Mean z score
Minimum
Maximum

n

lzl<2
2<lizl <3
lzl > 3

Mean z score
Minimum
Maximum

n

lzl <2
2<lzl <3
Izl > 3

114

BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU
1991
Sediment N BCSS-1
-0.1 0.1 0.2 0.1 0.2 0.1
-0.8 -0.4 -0.5 -0.5 -0.3 -0.9
0.6 0.6 1.0 0.8 1. 0.6
13 11 12 12 11 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0
Mussel P SRM 1566a
0.3 0.5 0.0 -0.4 0.0 0.0
-0.6 -0.1 -0.8 -2.0 -0.9 -0.3
1.2 1.9 0.8 0.1 0.4 0.3
11 9 11 12 10 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0
1992
Sediment R BCSS-1
0.2 0.2 0.1 -0.1 0.2 0.0
-0.7 -0.7 -1.6 -0.3 -1.4 -0.3
0.6 0.8 1.6 0.8 0.7 1.6
13 14 14 15 14 14
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0

\‘\H




Table 20. ISO classification and summary of z scores for inorganic intercomparison exercises

(cont.).

Basic statistics

and percent of

results in each
category

Mean z score
Minimum
Maximum

n

1zl < 2
2<lzl <3
1zl > 3

Mean z score
Minimum
Maximum

n

Izl < 2
2<lzl <3
Izl > 3

Mean z score
Minimum
Maximum

n

lzl< 2
2<lzl <3
1zl > 3

n is the number of reported resuits that were above the MDLs.

BATTELLE NWFSC TAMU BATTELLE NWFSC TAMU
1992
Fish Q DORM-1
0.6 0.1 0.2 0.1 -0.2 0.1
-1.2 -0.5 -0.2 -0.8 -1.2 -0.2
6.1 1.4 0.7 0.8 0.4 1.1
12 11 11 12 11 11
92 100 100 100 100 100
0 0 0 0 0 0
8 0 0 0 0 0
1993
Sediment N BCSS-1
-0.1 0.1 0.2 0.1 0.2 0.1
-0.8 -0.4 -0.5 -0.5 -0.3 -0.9
0.6 0.6 1.0 0.8 1.6 0.6
13 11 12 12 11 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0
Mussel P SRM 1566a
0.3 0 0.0 -0.4 0.0 0.0
-0.6 -0.1 -0.8 -2.0 -0.9 -0.3
1.2 1 0.8 0.1 0.4 0.3
11 9 11 12 11 12
100 100 100 100 100 100
0 0 0 0 0 0
0 0 0 0 0 0

£
=
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Table 21. ISO classification and summary of z scores for organic intercomparison exercises.

Basic statistics
and percent of
results in each

category

Mean z score
Minimum
Maximum

n

lzl < 2
2<lzl <3
1zl > 3

Mean z score
Minimum
Maximum

n

Izl <2
2<lzl <3
1zl >3

Mean z score
Minimum
Maximum

n

lzl <2
2<lzl <3
1zl >3

BATTELLE

NWFSC

TAMU

Tissue Control Material Il

0.95

-2.9
5.2
53

74%

15%
11%

(QATC90)

BATTELLE

1991

NWFSC

TAMU

Bivalve Tissue Extract Il

Mussel Tissue IV Homogenate

(QA92TIS4)

1.4
-2.5
23
48

69%

10%
21%

Mussel Tissue V Homogenate

-1.7
12
40

80%

10%
10%

(QA93TIS5)
0.86

-3.1
5.7
47

85%
9%
6%

(QA91BE2) ______
-1 0.46 0.84 -0.52
-3.6 - -1.6 -2.2 -2.8
3.5 3.4 13 1.7
46 48 49 54
85% 94% 86% 93%
9% 4% 8% 7%
7% 2% 6% 0%
1992
Marine Sediment Il
_____________ (QA92SED3) ______
-0.25 5.8 0.88 0.29
-3.6 -3 -1.6 -2
9.9 248 7.1 7.2
51 43 40 46
84% 86% 85% 91%
6% 9% 8% 2%
10% 5% 8% 7%
1993
Fish Homogenate |
(QA93FSH1) ______
0 1.9 0.38 -0.11
-3.8 -0.7 -1.2 -1.7
4.5 29 3.3 2.2
50 27 28 30
86% 81% 96% 97 %
10% 7% 0% 0%
4% 11% 4% 3%

n is the number of reported results that were above the MDLs.
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APPENDIX |

1991 TRACE METAL INTERCOMPARISON EXERCISE RESULTS

NRC: National Research Council of Canada

BATTELLE: Battelle Ocean Sciences

SEFSC: NOAA/NMFS/Southeast Fisheries Science Center
TAMU: Texas A&M University/GERG

Cases in which outliers were identified using the Q test for
outliers and, when warranted, were omitted from the mean,
are noted with an apostrophe (').

Means that are outliers from the accepted or certified value
are indicated with an asterisk (*).

S1, S2, S3, S4, S5: Results from five independent sample preparations and analyses.

S1-5 Mean: Mean of the five replicates.

SD: Standard deviation.

%RSD: Percent relative standard deviation.

Accepted value: Certified value or NRC-calculated consensus value for exercise material and
uncertainty..

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-5 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.
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APPENDIX Il

1992 TRACE METAL INTERCOMPARISON EXERCISE RESULTS

NRC: National Research Council of Canada

BATTELLE: Battelle Ocean Sciences

SEFSC: NOAA/NMFS/Southeast Fisheries Science Center
TAMU: Texas A&M University/GERG

Cases in which outliers were identified using the Q test for
outliers and, when warranted, were omitted from the mean,
are noted with an apostrophe (').

"Means that are outliers from the accepted or certified value
are indicated with an asterisk (*).

S1, 82, S3, S4, S5: Results from five independent sample preparations and analyses.

Mean: Mean of the five replicates.

SD: Standard deviation.

%RSD: Percent relative standard deviation.

Accepted value: Certified value or NRC-calculated consensus value for exercise material.

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-5 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.
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APPENDIX Il

1993 TRACE METAL INTERCOMPARISON EXERCISE RESULTS é
NRC: National Research Council of Canada
BATTELLE: Battelle Ocean Sciences
SEFSC: NOAA/NMFS/Southeast Fisheries Science Center
TAMU: Texas A&M University/ GERG

Cases in which outliers were identified using the Q test for
outliers and, when warranted, were omitted from the mean,
are noted with an apostrophe (‘).

Means that are outliers from the accepted or certified value
are indicated with an asterisk (*).

i

m

S1, 82, S3, S4, S5: Results from five independent sample preparations and analyses.

Mean: Mean of the five replicates.

SD: Standard deviation.

%RSD: Percent relative standard deviation.

Accepted value: Certified value or NRC-calculated consensus value for exercise material. =
Zz Score: The ratio of a bias estimate to a performance criterion. The difference between the

laboratory mean and the accepted mean was used as the bias estimate. z Scores were

calculated in two ways, using the SD of the S1-5 mean, and 25% of the accepted value as

performance criteria.

N R : Not reported.

139






Il

0 v'0 L9 F 1'ee 0L 0e =15 4> €€ ve 8¢ o€ qd
€0 1°0- 6€0 F €90 ee 00 65°0 19°0 650 85°0 85'0 090 1L
Lo A 200’ F L0t0 00 00 Lo Lo Lo Lo Lo Lo 6H
v°0- €0 GE'0 F S0'L vl 00 +¥6°0 260 S6'0 S6'0 S6'0 S56'0 as
1’0 10 (MY ¥  sve 2e 1’0 $S'€ ot'e ¥5'€ Lv'E 89'€ €9'€ ug
0 90 80°0 F s¥o €c 00 0S°0 0S5°0 15°0 81’0 6v'0 0S°0 PO
v0- 2o 600 F 220 00 00 020 0z'o 020 020 ozo 020 by
9'0- ¥°'0- €10 F S£0 6°€El 00 0€'0 €0 620 620 20 $€'0 es
1'0 0} 9L F 8Ll vy ot 2L et €l A €l ci sy
00 Lo zl F €21 vy 0's vel oel ozl ocl oel oclt uz
L°0- L0 6°C ¥ v'se S'e oL G2 ve 9¢ 92 9¢ se n
€0 S0 g'S ¥ 9€ 9l o't 6€ 6€ 9€ oY 6€ 6€ IN
00 10 S50 F  v9€ 00 00 9c 9'€ 9'€ 9’ 9'c 9t (%) o4
€0 Y0 86 F €19 2t 06 9lL oL oLL oLL (o] 572 02L uN
€0- €0 €2 F 28 1’8 09 S. 08 8. S9 €L 8. 0
€0- L0 9'€ ¥ S0€ 00 00 82 8¢ 62 8¢ 8¢ 8¢ (%) 18
2o v'0 260 Foo2LL 2e 2o SL S'L S'L €L LL €L (%) IV
£0 €0 €1 Fl2S 8l 1’0 9'g S 9'g 9's 9's 8's (%) v
€0- 20 95'0 F  907¢ X4 1’0 €6°L Vel V6L 6L 96°L 98t eg
JN3liva
enjeA pejdeooy uesp\
%S¢ S-S jo as anjeA paydedoy asd% as uespy SS vS €S Zs IS

“Buisn pejejnojed L T seyeoldey

*(‘pedinbe.

jou By) (pelou ssejun jybiem Kip 6/61) sjnses esioiexe uosiedwoosajul pue uolysodwod | uswipes //NYYON €664 “L°lIl ejqel

141



1’0 Lo L9 ¥ L'ce
o'v- 9°t- 6€°0 ¥ €9°0
(4 8¢ c0'0 + LOL0
€1 o't GE'0 ¥ SO't
Y- [ L ¥ 8v'e
L'0- c'o- 80°0 ¥ S0
v°0 €0 600 ¥ [AA)
g'e- Ve €L°0 ¥ GE0
€0 G°0- 9'l ¥ 8Ll
1’0o €0 cl ¥ €Ct
L'o- c¢'0- 6°¢ ¥ L 414
2’0 +v°0- S'S ¥ 9¢€
L'o- c¢'0- GS'0 ¥ v9°'t
L 6°L- 86 ¥ €9
€0- €°0- €¢ + [4:]
o'v- g'8- 9'c + g'oe
00 L'0- c6°0 ¥ ctL
O'v- L€ 950 ¥ 90°¢
enjea pejydesoy uespy
%S¢ S-S jo Qs enjeAa padeosy

T~~~ bBuisn pejejnojes

6'¢C
00
S'9
S't
86l
6'cL
34
L
0¢
6°C
vt
9'¢
k4

L1

asd%

00
00
¢0

00
00
S0
oe
S0
o't
1’0
o¢ct
oe

€€

91 0
0.0
0gE°e
vv°0
€v¢’0
v0°0
Ll
9clt
14
ve
14°2))
18V
9.

v0°L

uespy

€€ €€ 4 ve ve qd
- - - - - i
910 L1°0 910 910 L0 6H
0.0 0,0 0.0 080 0.0 qs
ov'e L1e 8L'e 152 Sh'e ug
¥v°0 S0 ) 0 0 PO
6520 /620 S02'0 6¥2°0 L0OZO by
500 60°0 000 +0°0 $0°0 8s
L 4! 2L LE LE sv
vel 2L 9zl LEtL 44! uz
ve se se se se o
oe ve ve €€ (> IN
09'€ 15’ IR lS'€ £5°€ (%) o4
66¥ 96 LoV L8V L8Y un
8L €L €L I8 S. 3]
- - - - - (%) 18
eLL S8°'9 vo'L £€0°L 14W2 (%) v
- - - - - Qm
0835
SS +S €S 2s 1S
. sajeolday —

jou By) (pejou ssejun jyblem Aip 6/61) synses asjoiexe uosiuedwoosssiul

‘("u09) ("pedinbes

pue uonisodwod | juswipss Z/VVON €66} LIl elqel

142



2o €0 L9 F L'ze
0¥ 9'L- 6€°0 F €90
A €0 200 F LOLO
S0- €'0- SE'0 F S0'L
00 0o [N F 8ve
60 € 80°0 F SvO
9'0 v'o 60°0 F z2zo
€0 2o €L0 F GE0
1’0 10 9t F 8Ll
80 oe At ¥ XA
1’0 2o 6'2 ¥ v'se
2o v'o S'S F 9€
zo €0 SS'0 F ¥9'E
S0 80 86 F €L9
00 00 €e F c8
0¥ s'8- 9'€ F S'0€
L'0 2o 26°0 FoereL
0'v- Le- 95°0 F 90°¢
enjeA peidedsoy uesi\

%S¢ S-isjo @s anjea peidasdy

T~~~ "bBuisn pejejnojed

¢o

¢l
ve
60
0°0
8'0
0’9
€1
L0
6°0
6°0
L0
S0
S0

asy»

10

0°0
00
o0
00
00
00
¢0
o't
¢0
€0
00
o'y
Vo

1°0

ve

LL°0
€6°0
0s°¢€
SS°0

¥S¢'0
8€°0
o¢ct
Lyl
9¢
8¢
c8’e
0S¢L
128

8¢°L

uesiy

ve ve ve ve ve o
- - - . - 13
L0 Lo [} LL0 Lo 6
96°0 v6°0 €6°0 c6°0 06°0 s
9v'e €G6°€ €5°¢E iG't 8y’ us
SS'0 SG'0 S50 GG'0 GS'0 PO
G620 ¢sc’o ¢sC’o 96¢'0 96¢2°0 by
8€°0 GE'0 Lv°0 ov'o 8€°0 )
o€l ozct oct o'€El o€l sy
9vi 9V 9V 8yl 8vi uz
se 92 92 92 se no
8¢t L€ 8¢ 8¢ 8€ N
98°'¢t €8°¢ €8°€ 18°€ 6Lt (%) o4
0SL Ly LyvL vSL vSL Un
8°¢c8 9°¢c8 1°¢8 c'Es 8'¢8 10
- - - - - (%) 1S
0€’ L 6¢°L 0¢'L LV L 9L (%) v
- - - - - egd
NNVL

SS vS €S (43 IS

sejeolday -

‘("yuoo) (‘pesinbes

jou By) (pejou ssejun ybiem Alp 6/61) synses esjoiexe uosuedwoossjul pue uolisodwos | juswipes //NVYON €661 “L°liI elqel

143



L0~ L0- e ¥ L'ee 2C S0 €'ee L'ee e 1'ee 44 Lee qd
9L 60 80°0 ¥ vL1°0 €'s 100 gco 120 | 24 gec'o €20 ¥2°0 bH
HN qs
00 1’0 co ¥ ge’l e $0°0 98°1 14° M l8'1 €9°1L v8°L c6’} S
€0 0 ¥0°0 ¥ G20 L't 100 120 92’0 92’0 L2°0 L2°0 8¢°0 PO
90 o't 90°0 ¥ 1 A1) 4 10’0 6v°0 Ly'0 S0 6v°0 6v°0 29’0 , 8§
€0 90 vi ¥ [N o8 ) i 4] cl 8Ll 8L 9¢Ct ¢l L' sy
20 9'0- 43 ¥ 6L L'? € 49" LEL OLL Vil 9il oLt uz
¥'0 L0 L'e ¥ g8l v'e g0 v°0¢ 8°0¢ €02 9°0¢ 8°0¢ L6l o
€0 9'L- 1 4 Y] ¥ 8c't [>X4 100 90t gL'e L0°E L6°C 80°€C [Yon> (%) o4
¢0- L0 St ¥ 6¢¢ Le 9 6LC [ ¥ 44 gie 602 vee Lee un
HN 0
UN (%) 1s
0’0 L0~ L¥'0 ¥ 92’9 L'e 610 c'9 L9 68°G ve'9 €9 v'9 (%) v
os3s
1'0 L'0 v'e ¥ l'ce [584 8 €¢ ve €¢ %4 ve ve qd
YN 6H
€0 L0 90°'0 ¥ 650 601 90°0 GS'0 09°0 6S5°0 8v'0 8v°0 09°0 qas
80 8t c0 + g8l Sy L0 « CC (A4 1'e 14 L'e ¢'¢c us
80 58 § $0°0 ¥ Tl €€ 100 . 0OE0 0€0 0€'0 8¢’'0 LE0 0€’0 PO
o'v- el 900 + €v°0 8°0> 8°0> 8'0> 8°0> 8°0> 8S
€0 9’0 L + [N €8 L el LE cl t A8 LE cl sy
G'0- ¢l cL ¥ 6L 8°€ 14 . GOL 66 SOt 901t 601t Yol uz
L'0 ¢0 L' + g'gl €S 8 61 (074 61 0¢ 61 61 n
L0 6°0 1 4% ¥ 82t 6°¢C (0] v'e €€ €€ v'e v'eE v'e (%) o4
c0 9°0- St ¥ 6¢c €¢ ] 0cc 0¢c gle 9le 9¢¢ vee un
L0 ¢0 vi ¥ (44" 8’ 9 9clt 9clt [e1518 1 24} 9clt 6Ll 0
20 8L 1 F 8'0€ v'e L 62 62 62 o€ 62 o€ (%) 18
€0 (3§ L0 ¥ 92’9 € 20 L9 8'9 69 69 v'9 L9 (%) Iv
3N31lva
enjeA pejdesoy uespy
%S¢ S-S J0 As enjea pejdesdy asd» as uespy SS S €S 4] IS
“T6uisn peejnoes T T seyeoydey—

144

‘(‘pesinbes jou by) (pejou ssejun Jybiem Aip 6/61) synsses esioiexe uosuedwosisiul pue uolsodwod |-§S0g /NVON €661 ‘271l elgel



v'0 9'0 v'e + L'2¢ 9t 60 6've cve °%4 v've $°9¢ S've qd
6°0- S0 80°0 ¥+ v.L0 x4 0 €L°0 L AN0 vi'0 €10 €10 €L'0 6H
HN as
90 i ¢'0 + g8l LY 1’0 €L°C, LL'e 00'¢ cc'e (S g€c'c us
S0 8'0 v0'0 + G20 9't 100 820 820 620 820 620 8¢'0 PO
L°0- ¢0 900 + ev'0 L'L €00 cv’o Sv°0 LEO 9 200] 193 0] ov'o i)
L0 L°0- vL ¥ [ 8’1 ¢0 6 0L 8°0!L 801t Y (SN 801 sY
00 10 el ¥ 6LL Lh c 8Ll 0oclt oLl ol 8L 0oclt uz
€0 0 yard4 ¥ s'gl 9'v 60 L6l 6°0¢ 661 0°0¢ L8l L'61L o
€0 6L 1 40 ¥ 82'€t 8°0 €00 R4 €G°¢E 1 4°R ) St 9G°€E LS'E (%) o4
0 L0 Gl ¥ 6¢c 8°0 4 6€¢C g€ Lve L€2 9€e (8 44 UN
1’0 L0 vi * g€cl v'e € Gcl 6¢clt vcl Gel Lct AAN 0
1 F 8'0¢ UN (%) 1S
L'0 [A] (8 -20] ¥ 92’9 L'e ¢0 ve'9 ¥9°9 G2'9 €L'9’ G2'9 [S°] (%) v
NNVL
enjeA pajydedoy uesiy
%S¢ G-1S Jo ds anjea pajdadoy asy% as Uesy SS S €S 14 1S
TTT""6uisn psyenojed T “sajeandey™——
"("juod)

(‘pesinbai jou By) (psejou ssejun yybiem Aip 6;6M) sjnsas ssiolexe uosuedwooisiul pue uonisodwos 1-§S08 Z/VVON €661 211l 9|lqel

145



0
€0

Lo-
co-
€0-
£t
€0
0
6°0-
o'v-

enjea pejdesoy

%S¢

1’0 oL
00 €50°0
L'0- ¥S°0
0 LE0
co LE0
00 6020°0
co- S€
L0 9v°'0
Vi €0
S0 Lo
90 5S¢
9°0- 14
8°L- 900°0
uesiy
S-is jo as

Buisn pejejnojeo ————

HHHHH H H

HHH

6€1L

80°0

i8°L

viL
88°0

2900
(YA
EL'y
S0
€8°0
S'El
e€clt
LLo'0

anjeA pejdesoy

ovi
s'¢cl

ce

L'e
coL
6'vlL
Lt

(4
L8

asH%

00

00
0's
v'o
Lo
00

S0
0’8

ori
80°0
S'L

9¢’L
v6°0

90°0
14°1%
8'c
1670
68°0

St
S6

uesiy

ovi
100
€l

8¢t
66°0

90°0
09l

L8o
68°0

St

L0°0>

SS

ori
L0°0
9'L
se'L
980
90°0
091
080
96°0
vi

€6
L0'0>

vS

ori
400
€l
et
96°0
90'0
oLL
veE
0L
88°0
Sl

L6
L0'0>

€S

ori
60°0
L't

L2’
88°0

90°0
091
Ve
SO°L
06°0
vi

v6
L0'0>

oel uz
- I
60°0 us
- 5
9L es
- as
XAl qd
160 IN
- un
90°0 6H
0Ll e
o¥ o
£8°0 I}
06'0 PO
- eg
Sl sy
0L v
100> by
IN3L1ve

1S

T oseleddey——————————

qs pue ‘uy

1) (pejou ssejun jyblem Aip 6/61) synse. 8stolexs uosiedwooisiul pue uonsodwos d 18ssniy 7

‘(‘pesinbel jou sishjeue

/NVON €661 €'l e|qe|

146



o't
9°0-
L0
o'
9'0-
0’0
L'0
vi-
6°0-

L

enjea pejdeooy

%S¢

9°0- ol
¥'0 €60°0
S°0- ¥S°0
9°0- L€°0
L0 L€°0
v'0- 6020°0
1'0- 1))
2’0 Y0
9°0- €0
9't- L0
ve g¢
20 900°0
uespy
S-1s jo @s

~~6uisn pejejnojeo

HH

+H HHHH

+

i it

6El
80°0
L8°

14"
88°0
2900
LLL
17134
S0
€8°0
S'El

LLo’0

enjean paydesoy

Ll

€16

(2
L'E
cve
g8’
LI'e
o't
e
V'L

169

asH%

o¢

[y

(O]
00

e€el

0oL0

¥6°0

.§9°0

S0°0
691
(A4
€E°0
S9°0

100

SEl

00
691
1504
€£€°0
99°0

8L

100

1113

000

S0°0
9ol
o'y
(4540
190

€L

¢0'0

1413

90°0
LLL
184
€€°0
¥9°0

[

co0

celL

L0°0
0Ll
4
€€°0
¥9°0

'L

100

62t

oL'o
8’
06°0
89°0
v0'0
[73°
(44
8€°0
v9°0
S'8

000

283538

v
by

‘(Juo9) (pedinbes jou sisAjeue
as pue ‘U ‘IS) (pejou ssajun Em_mz Kip B/B7l) synsai esioiaxs uosuedwoaisjul pue uolsodwod d |@sSNN Z/NYVYON €661 €1l 8|1qel

147



S0 8L ol ¥ 6€1L
L'e- c'L- €500 ¥ 80°0
0 €0 vS°0 ¥ 8°L
L'0 L'0 LEO ¥ vt
c'0- L0~ LEC ¥ 88°0
[ ¢o 6020°0 + 2900
L'o L0 GE ¥ (WA S
6°0- 0'¢- 9’0 ¥ 1% 4
L1'0 0’0 €0 F [=}0]
o S0 LE'O F €8°0
1’0 0] )4 ¥ S'cl
L0 S0 524 + €clt
L0 €0 900°0 + 1100
enjea pejdesoy uespy
%52 G-1S Jo as anjea pejydesoy

Buisn pejejnojeo

vL

9’0
v

L'l
60
(s
(A4
00
€1
9t
(A

asd%

o€

00

00

00
00
00
o't
0’0
00
o
0'¢
00

LSt SG1L 1418 091 6G1t 6S1L
c0'0 100 20’0 c0'0 ¢0'0 20’0
69°L L9} L9°L cl'} VL oLt
oLt 9Ll gL'l SLL A al'l
+8°0 £8°0 280 S8°0 ¥8°0 ¥8°0
L0°0 L0°0 L0°0 90°0 L00 100

YLl viL vLL eLL 9/t SLL
6L°€E si'e si'e ece ece 6L°€
LSO 6v'0 S0 €50 0S0 0S°0
8.0 8.0 LL0 8.0 8.0 8.0

L'EL vEL 8'El 8'El 8cl 9°el
9P L Svi Svi bvi 6v1L 6¥1
€1L0°0 ¢l0’0 ¥I10'0 €100 200 Z2Lo0
uespyy SS ¥S €S es IS
T T T sejeolidey T B

uz

283638288856 F

v
by

NNVL

*("Juod) (pesinbels jou sishjeue
gs pue ‘Ul ‘1S) (pejou ssejun jyblem Aip 6/6m) synses esiolexs uosiiedwooisiul pue uolisodwod d |8SSNN L/NVYON €661 ‘€111 ejqeL

148



€0 L'e L0'0 ¥ LEOQ
o o't L ¥ 9
6'0- L L20 ¥ 8l'¢
co 90 8€'0 ¥ Sty
20 G0 Sto ¥ 89°1L
¢'0 S0 vco ¥ Lee
2’0 9°0- 'L ¥ Vi
(9] ¥'0 LS ¥ o€s
€0 €L [0 4 ¥ €99
L°0- S0 St ¥ 6€S
8'0- L'G- L0°0 ¥ LEO
v'o- 6°0- L ¥ 9
L°0- €0- .20 ¥ gl'e
0L 8¢ 8€°0 ¥ Sty
0’0 1’0 sto ¥ 89°L
¥°0- 6°0- v2o ¥ Lee
9°0- L ¢l ¥ vi
L'o 0 LS ¥ oes
L1'0 0 [>84 ¥ €99
L'0- L0 St ¥ 6€S
1’0 L'0 9’0 ¥ eVl
0'¢- 2’8 Gct ¥ €0¢
enjea pejdesoy uespy
%S¢ S-1S Jo gs anjeA paydedoy

T~~~ "6uisn pejejnojed

S'L
9'S
6°C
8L
L'e

8L
oL
St
St
6V
(2]

asy»

€0°0
S0°0
80°0
S0°0

Lo

co'0
L0
Lt
€0°0
(A
€l

9¢
600

as

0v°0.
LL
LL L,
LEY
9t
1'e
el
0ss8
L
[4%3°]

0€°0.
89
L'
I'e
69°L
0c
cl
LG8
89
6¢S
ov'L
001,

170 £¥°0 0  9€°0  LEO ad
LL 59 2L SL oL (6/6u) BYH
891 691 6L'1 691 891 us
sey  sev v Ly Sty PO
¥S'L 161 9L 65 99'L bv
12 L'e L2 22 1'g 8g
£€El zel XA L'etL v'El sy
ov8 858 658 €58 o8 uz
LL LL 1L €L 2L no
¥2S 925 9vS SES 125 e
UN 3 o)
UN (%) v
0685
0€'0 LE0 20 920 OfO0 qd
65 85 LS 85 LS (6/6u) BH
L2 0z L'e 22 12 us
6'¢c 6'€ 8'c 6'€ 6 PO
891 (WA 191 99'1L 1 ZA by
L A 22 02 02 eg
Sl St vL S Sl . SV
298 098 Lv8 Le8 ss8 uz
69 69 89 L9 69 no
995 ovs S1§ L6V 92s o4
9L Sl ! a2 vl D
S6 v6 16 oLt oLt v
313Lve
SS ¥S €S s IS
||||||||| sejeaydey—

‘(peainbel jou sisAjeue qg

pue ‘upn ‘ly) (pelou ssajun jybiem Aip 6/67) synses esiolaxe uosuedwodlsiul pue uonisodwod B99GL WHS Z/NWVON €661 “v'ill @|19el

149



L'0-

€0

enjea pejdeooy

%S

~T~""buisn pejejnojed

80 L0°0 F l£0
€0 L9 F 2TV
Lo L2°0 Fo8Le
€0 8c"0 F oSl
50 S1'0 ¥ 89l
00 $2'0 Foo12e
8'0- z'L ¥ i
z'L 1S F oes
90 ey T €99
v'o- sL ¥ 6€S
) %0 FoerlL
0'L- szt 7 £02
uesy

S-1S j0 as anjeA pejdeooy

o'y
8’9

asy%

9€°0
§'¢9
eee
cov
SL'1
0ce
o'el
168
9'€e9
€€S
6v°L
061

uesiy

9€°0
0°L9
8€'¢
Lo’y
89°L
oc'e
[ 4"
818
L'€9
LSS
14° 3
202

SS

144Y) 9E'0 8€°0 SE'0
S'v9 6'1L9 9'09 L'8S
vee 9l'¢c 90'¢ Lie
90’y Lo’y 96°€ 80’y
9L'l 6Lt o8’ €Lt
80°¢ cee oee oce
scl 6°L1 Lch 8'tl
ois8 co8 co8 co8
€9 c'e9 L'v9 8¢9
ves €3¢S 21 4°] 14}
S¥'L vyl L5°L Sv'L
1114 8.1 I8t 3:13

¥S €S cS LS

sejeaiidey ™

ad
(6/6u) 64

by
es
sy

623G

N1

(uo9) (pesinbel jou sisAjeue qg
pue ‘N ‘ly) (pejou ssejun jyblem Aip 6/61) synses esiolexe uosiedwoosejul pue uopisodwod e99SL WHS Z/NVVON €661 “¥lIl ©|qe 1

150



APPENDIX IV

1991 TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

NIST: National Institute of Standards and Technology
BATTELLE: Battelle Ocean Sciences

NWFSC: NOAA/NMFS/Northwest Fisheries Science Center
TAMU: Texas A&M University/GERG

S1-A, S1-B, S1-C: Results from three gas chromatographic analyses of S1.

S1, S2, S3: Results from three independent sample preparations and analyses.

S1 Mean: The mean value of the reported S1 replicates, S1-A, S1-B, and S1-C.

S1-3 Mean: The mean concentration of the three samples, S1, S2, and S3, in which the mean
value of the three GC replicates was used for the S1 concentration.

S1 %RSD: The percent relative standard deviation of the S1 replicates, S1-A, S1-B, and S1-C.
S1-3 %RSD: The percent relative standard deviation of the S1 Mean and the reported samples,
S2 and S3.

Consensus vaiue: NIST-calculated consensus value and standard deviation (s).

Mean Absolute %Error The mean of the absolute percent errors of the S1 Mean and the
reported samples, S2 and S3 relative to the exercise consensus value.

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-3 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.

Z R : Zero or below MDL.
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APPENDIX V

1992 TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

NIST: National Institute of Standards and Technology
BATTELLE: Battelle Ocean Sciences

NWFSC: NOAA/NMFS/Northwest Fisheries Science Center
TAMU: Texas A&M University/GERG

S1-A, S1-B, S1-C: Results from three gas chromatographic analyses of S1.

S1, S2, S3: Results from three independent sample preparations and analyses.

S1 Mean: The mean value of the reported S1 replicates, S1-A, S1-B, and S1-C.

S1-3 Mean: The mean concentration of the three samples, S1, S2, and S3, in which the mean
value of the three GC replicates was used for the S1 concentration.

S1 %RSD: The percent relative standard deviation of the S1 replicates, S1-A, S1-B, and S1-C.
S1-3 %RSD: The percent relative standard deviation of the S1 Mean and the reported samples,
S2, and S3.

Consensus value: NIST-calculated consensus value and standard deviation (s).

Mean Absolute %Error The mean of the absolute percent errors of the S1 Mean and the
reported samples, S2 and S3 relative to the exercise consensus value.

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-3 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.

Z R : Zero or below MDL.
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APPENDIX VI

1993 TRACE ORGANIC INTERCOMPARISON EXERCISE RESULTS

NIST: National Institute of Standards and Technology
BATTELLE: Battelle Ocean Sciences

NWFSC: NOAA/NMFS/Northwest Fisheries Science Center
TAMU: Texas A&M University/GERG

S1-A, S1-B, S1-C: Resuits from three gas chromatographic analyses of Si.

S1, S2, S3: Results from three independent sample preparations and analyses.

S1 Mean: The mean value of the reported S1 replicates, S1-A, S1-B, and S1-C.

S1-3 Mean: The mean concentration of the three samples, S1, S2, and S3, in which the mean
value of the three GC replicates was used for the S1 concentration.

S1 %RSD: The percent relative standard deviation of the St replicates, S1-A, S1-B, and S1-C.
S1-3 %RSD: The percent relative standard deviation of the S1 Mean and the reported samples,
S2 and S3.

Consensus value: NIST-calculated consensus value and standard deviation (s).

Mean Absolute %Error The mean of the absolute percent errors of the S1 Mean and the
reported samples, S2 and S3 relative to the exercise consensus value.

z Score: The ratio of a bias estimate to a performance criterion. The difference between the
laboratory mean and the accepted mean was used as the bias estimate. z Scores were
calculated in two ways, using the SD of the S1-3 mean, and 25% of the accepted value as
performance criteria.

N R : Not reported.

Z R : Zero or below MDL.
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